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Optical  remote  sensing  and  studies  of  the  propagation  of 
radiation  through  long  atmospheric  paths  require  a  precise 
knowledge  of  the  spectral  parameters  of  molecular  absorbers 
contributing  to  the  opacity.  Because  of  technological 
considerations,  the  first  spectroscopic  efforts  were  devoted 
to  the  mid  and  infrared  regions.  Recent  advances  in  optics 
have  now  created  a  need  for  precise  spectroscopic  data  from 
the  near-infrared  to  the  visible  and  the  purpose  of  the 
project  was  to  improve  the  spectroscopic  parameters  of  water 
vapor  which  is,  with  oxygen,  the  main  atmospheric  absorber  in 
this  spectral  region . 

'-3'  Our  work  during  the  three  years  period  of  the  contract 
has  concerned  the  following  spectral  regions  : 

13500  -  22700  cm" ‘  [Ref. 1,2] 

8000  -  9500  cm'^  [Ref. 3] 

9500  -  11500  cm-‘  [Ref. 4] 

and  the  following  improvements*  have  been  achieved  as  compared 
to  the  existing  ‘ ® 0  data  presently  reported  in  the  HITRAN 
data  base. 

Line  positions. 

The  accuracy  on  the  line  positions  measured  in  the 
present  work  is,  for  well  isolated  lines,  varying  from 
0.5  X  10"®  to  2  X  10  cm"'  depending  on  the  spectral 
region;  this  improves  greatly  upon  the  previous  data 
(  accuracy  ci  10"*  cm"  ‘  for  the  better  lines). 

-  Line  assignments. 

Real  progress  have  been  made  in  assigning  the  lines.  In 
particular  many  new  resonating  lines  have  been  attributed  and 
some  previous  assignments  were  found  erroneous. 


*We  give  in  this  first  part  only  the  salient  facts  of  the 
work.  Far  more  details,  the  reader  is  requested  to  refer  to 
the  Appendix  where  the  analysis  process,  the  theoretical 
problems  and  the  results  are  extensively  described. 
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-  Line  intensities. 

The  average  uncertainty  on  the  line  intensities  is 
about  6-10%  (However  errors  up  to  50%  exist  for  heavily 
blended  lines) .  The  lines  intensities  were  measured  either  by 
the  curve  of  growth  method  or  using  the  peak  absorption 
method  (See  Ref. 3  for  details).  In  this  way,  the  intensities 
of  all  the  observed  lines  were  derived  and  it  has  to  be 
underlined  again  that  a  real  improvement  has  been  obtained  : 
For  example,  the  results  quoted  in  Table  V  of  Ref. [3]  show 
clearly  that  the  previous  intensities  listed  in  the  HITRAN 
data  base  are  in  error  by  a  factor  ranging  from  2  to  7 . 

All  the  results  (line  position  and  intensities)  which 
give  a  precise  and  complete  picture  of  the  ‘ ^ 0  absorption 
in  the  spectral  ranges  8500  -  11500  and  13500  -  25250  cm" ^ 
have  been  given  through  diskettes  to  L.S.  Rothman  who  is 
charge  of  the  HITRAN  data  base  and  should  be  included  in  the 
next  version  of  the  base.  As  a  whole  it  appears  that  the 
contract  has  been  properly  fulfilled  and  has  produced 
interesting  scientific  results. 
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Water  vapor  Fourier-transformspectn  (resolution  -  0.0l0cm~')have  been  analyzed  between  8000  and9S00cni~‘.  Accurate 
values  ot  441  rotaiiaiial  energy  levels,  belonging  to  the  vibiational  states  (OSO).  (130),  (0311,  (210),  (111),  and  (012)  of  the  second 
hexad  of  have  been  determined.  Moreover.  SOO  line  mtensities  have  been  accurately  measured  (uncertainty  =  6%). 

To  increase  the  number  of  experimental  intensities  (useful  for  atmospheric  applicauonsi,  we  have  set  up  a  less  sop^sticated 
but  faster  method:  this  has  led  to  the  measurement  of  12(X)  additional  intensities,  with  an  average  uncertainty  of  about  10%. 


Des  spectres  par  transformde  de  Fourier  de  la  vapeur  d'eau  ( resolution  =  0.010cm~‘)ontete  analyses  entre  8000 et  9500 cm~  ‘ . 
Les  valeurs  precises  de  44 1  niveaux  d’energie  rotationnels.  appartenant  aux  euts  vibrauonnels  (050),  ( 1 30).  (03 1 ).  (210),  ( 1 1 1 ). ' 
et  (012)  de  la  deuxieme  hexade  d'H}'^.  ont  ete  determinees.  De  plus,  on  a  mesme  avec  precision  les  mtensites  de  500  raies 
( incertimde  =  6%).  Dans  le  but  d'augmenter  le  nombre  d'intensites  experimentaies  (uules  pour  les  applications  atmospheriques). 
une  methode  moins  sophistiquee  mais  plus  tapide  a  ete  mise  au  point  et  a  permis  de  mesurer  1200  intensites  suppiementaires. 
avec  une  incertimde  moyenne  d'environ  10%. 
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1.  Introduction 

For  atmospheric  applications,  it  is  important  to  know 
accurately  the  vibration-rotation  spectrum  of  water.  As  a 
continuation  of  our  previous  work  on  this  molecule,  this  paper 
presents  a  study  of  the  80(X)-9S00cm'‘  spectral  region,  lliis 
region  was  tirst  analyzed  by  Benedict  ( 1),  and  improved  results 
were  later  introduced  by  him  in  the  atmospheric  compiiaiions 
1 2).  Then,  using  a  graung  spectrum  of  room-temperature  water 
vapor  and  a  Fourier-transfotm  spectrum  of  heat^  water  vapor 
(T  =  330  K).  both  recorded  with  a  resolution  of  0.07cm"'. 
Raud  et  al.  (3)  improved  the  accuracy  of  the  energy  levels. 
Finally,  with  the  aid  of  oxygen-hydrogen  flame  spectra 
recorded  on  a  Fourier-transfotm  interferometer  between  6400 
and  7600  cm"  ‘ .  Camy-Peyret  et  al.  (4)  analyzed  the  v,  +  -t- 

V.  -  v-  hot  band  and  were  able  to  determine  rotational  levels  of 
(he  ( 1 1 1 )  vibrational  sute  corresponding  to  high  values  of  the  J 
quantum  number  (up  voJ  =  26).  To  observe  new  levels  and  to 
improve  the  accuracy  of  the  previous  results,  we  have  studied 
several  spectra  (resolution  =  O.OlOcm"')  recorded  with  the 
Founer-transform  spectrometer  built  by  Brault  (S)  at  the 
National  Solar  Observatory.  Kitt  Peak.  AZ. 

The  analysis  of  these  spectra  has  ted  to  the  determination  of 
441  accurate  rotational  energy  levels  belonging  to  the  so-called 
second  hexad  of  interacting  vibrational  states;  {(050).  (130). 
(031).  (210),  (111).  (012)J. 

To  snidy  high-resolution  atmospheric  spectra,  one  must 
know  more  than  the  wavenumbers  and  the  assignments  of  the 
observable  lines:  it  is  also  important  to  have  at  hand  a 
complete  and  reliable  list  of  individual  line  intensities.  In  the 
snidied  specuai  region,  knowledge  of  experimental  intensities 
has  been  somewhat  poor.  Let  us  mention  one  temperature- 
insensitive  line  measured  by  Brault  et  al.  (6)  (uncertainty  « 
10%)  and  33  line  intensities  measured  by  Cherepanov  era/.  (7) 
(uncertainty  »  10%).  That  is  why  we  have  first  measured  500 
line  intensities  accurately  (uncertainty  »  6%).  Besides,  to 
extend  this  set  of  values,  we  have  set  up  and  successfully  tested 
a  faster  tnethod  to  obtain  the  intensities  of  all  the  other  lines 
penaining  to  the  molecule.  Thus.  1200  addidonai 

intensities  have  been  measured,  with  an  average  uncertainty  of 
about  10%.  The  method  is  described  in  Sect.  3.  where  the 
measured  intensities  sre  discussed. 


2.  Experimental  details  and  analysis 

Since  numerous  isotopic  species  of  water  absorb  simulta¬ 
neously,  it  IS  very  usefiil  to  have  spectra  corresponding  to 
different  ratios  of  isotopic  concentrations  at  one’s  disposal  when 
assimng  each  line  to  a  peculiar  absorber,  i.e..  mainly 
H2**0.  or  Hz'^O.  For  this  reason,  natural.  ‘*0-ennched.  and 
*’0-enriched  water  vapor  spectra  have  been  recorded  with  the 
aid  of  Brault’s  Fourier-transform  apparatus  (5).  Moreover, 
because  of  the  large  range  of  line  intensities,  several  spectra 
have  been  recorded  at  various  path  lengths  and  pressures, 
allowing  us  to  cover  a  sufficiently  large  set  of  optical 
thickness.  Thus,  it  is  possible  to  measure  the  intensities  of 
strong  lines  I  up  to  2.8  x  10"^cm"^atm'‘)  as  wellasvery  weak 
lines  (as  low  as  5  x  10"’cm"^  atm"‘)  (1  atm  =  101.3  kPa). 
The  experimental  conditions  and  characteristics  of  the  spectra 
are  given  in  Table  I . 

To  give  an  idea  of  the  complexity  of  the  spectrum,  in  Table  2 
we  report  measured  or  previously  comput^  band  centers  and 
band  strengths  for  the  main  bands  appearing  in  the  studied 
spectral  region.  One  can  see  that  six  interacting  vibrational 
states  are  involved;  they  form  the  second  hexad  of  H2O,  i.e.. 
{(050).  (130).  (031).  (210).  (Ill),  (012)}.  The  six  correspond¬ 
ing  cold  bands  have  been  observed,  revealing  numerous 
resonances  that  have  complicated  the  assignments. 

As  an  example,  the  5v2  band  could  be  observed  owing  to 
three  strong  interactions;  two  of  them  have  been  previously 
calculated  by  Ulenikov  and  Ushakova  (8).  These  interactions 
occur  between  the  levels  (050)(761]  and  (130)[743],  between 
(050)(6601  and  (210)(6061,  and  between  (050)[66l]  and 
( 130)(643j.  For  these  pairr  of  interacting  states,  the  mixing  of 
the  wavefimetions  is  so  important  that  the  assignment  of  the 
vibrational  quantum  numbers  to  each  level  is  difficult.  Thus,  at 
the  present  time,  the  proposed  attributions  are  a  matter  of  con¬ 
vention. 

Another  example  of  strong  perturbation  involves  the  vibra¬ 
tionai  state  (060).  which  actually  pertaitu  to  the  first  decad. 
It  exhibits  a  quadruple  interaction  (3)  between  the  levels 
(060)(6161,  ( 130)[6521.  (210)(634],  and  ( 1 1 1)(624).  $0  that  the 
very  weak  6v2  band  can  be  observed  through  seven  lines, 
corresponding  to  transitions  arriving  at  the  resonau  level 
(060)(6161. 
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Table  1.  Expenmental  condidons  and  charactenstics  of  the  absorpuon  spectra  ( 1  atm  =  lOI  .3  kPa) 


Type 

of 

spectnim 

Unapodized 
resoiudon 
(10-^  cm-') 

Total  pressure 
P±l% 

(10"^  atm) 

Average 

Lorentz  half-width  7'' 
(10-^  cm-') 

Abtoipaon  path 

1 

(cm) 

concenciation 

X 

H2“0 

opocal  thickness 
jT  P  /  (cra-atmi 

17.4 

22.8 

9.3 

43  396 

0.997 

986 

Natural 

14.5 

1.97 

0.8 

43  396 

0.997 

85.3 

11.2 

3.68 

1.5 

21742 

0.27+0.01 

21.6 

*0  ennehed 

11.2 

3.68 

1.5 

4900 

0.27±0.01 

4.87 

11.2 

0.96 

0.4 

2494 

0.27+0.01 

0.65 

'0  ennehed 

11.2 

6.18 

2.5 

21742 

0.79+0.03 

106 

Studied  spectral  region:  7900-9S00cm~'  Cell  temperature:  300  ±  O.S  K 
Signal-to-noise  ratio:  SOO-2300  Average  Doppler  half- width  V’:  0.013  cm'  ‘ 


It  was  also  possible  to  assign  some  lines  in  the  v,  +  2v2  +  V3 
-  v;  hot  band. 

The  rotational  energy  levels  of  the  second  hexad  are  reported 
n  Table  3.  These  new  results  are  m  good  agreement  with  and 
.mprove  upon  our  previous  results  (3.  4),  as  far  as  the  accuracy 
ind  the  coverage  are  concerned.  The  wavenumbeis  of  the 
observed  lines  are  listed  in  Table  4  along  with  their  measured 
:ntensiQes.  which  are  discussed  in  the  next  section. 

3.  Line  intensities 

We  have  already  described  the  procedure  used  to  derive 
precise,  absolute  H2‘^  line  intensities  (10).  There  are  two 
mam  sources  of  difficulties:  first,  the  necessity  to  accurately 
check  the  total  pressure  of  H2O  in  natural  spectra,  and  to 
recalibrate  the  absolute  concentrations  of  H2'^  in  the  ‘*0*  and 
'  ^0-ennched  samples:  second,  the  detetmination  of  the  residual 
absorpuon  due  to  traces  of  atmospheric  water  along  the  optical 
path.  These  two  problems  have  been  solved  as  explained  in  ref. 
10.  thus  allowing  us  to  pqfotm  reliable  intensity  measurements. 

3.7 .  Measurement  of  line  intensities  by  the  curve-of-growth 

method:  discussion  of  the  results 

Tlie  curve  of  growth  of  the  eqm  valent>width  method  was  used 
under  the  conditions  describe  in  ref.  11.  In  this  way,  the 
intensities  of  all  the  well-isolated  lines  were  measured,  with  an 
average  uncertainty  of  6%.  These  values  are  listed  in  Table  4. 

Since  3 1  of  these  SOO  intensities  had  already  been  measured 
by  other  authors  (6,  7),  comparisons  have  been  made  between 
their  results  and  ours  (Table  3).  For  each  line,  the  ratio  R  of  the 
two  available  intensities  has  been  calculated,  and  we  find  an 
avenge  value  R  =  1 .03  ±  0.08,  which  denotes  a  negligible 
systematic  shift  inside  the  stated  uncertainties.  Therefore,  it 
appears  that  the  consistency  of  these  two  independent  sets  of 
results  is  excellent,  allowing  us  to  ascertain  that  reliable 
absolute  intensities  have  been  obtained  in  the  present  work. 

We  have  also  listed  in  Table  S  the  intensities  introduced  by 
Benedict  in  the  atmospheric  compilations  (2).  Although  these 
previous  values  reproduce  the  relative  line  strengths  well 
enough,  large  discrepancies  appear  with  the  measured  absolute 
values,  confirming  the  heed  of  precise,  individual  line-intensity 
measurements  to  generate  a  reliable  database. 

3.2.  Measurement  inline  intensities  by  the  central-depth 

method 

To  complete  the  set  of  intensities  obtained  above,  we  have 
used  a  faster  method  ( 12).  This  method  is  baaed  on  the  fact  that 
the  central  depth  sUoo)  of  a  line,  observed  utKier  infinite 


Table  2.  Positions  and  intensities  of  the  mam  bands  appearing 
between  1500  and  9500 cm' ‘ 


Band 

Band  center 

(cm'‘) 

Band  mtensity 

1 10'“ cm'‘/(molecuie-cm  '1 
at  296  K) 

5V2 

7552.0“ 

0.028* 

4W2  +  V3  —  V. 

8238.84““ 

0.059“ 

Ul  +  3i»2 

8273.9757“ 

2.4“ 

3W2  +  V3 

8373.8526“ 

36“ 

V)  2V2  +  113  -  V2 

8733.9846“ 

0.41“ 

2V|  +  V2 

8761.5820“ 

3.6“ 

Vl  +  V2  +  V3 

8807.0003“ 

498“ 

6v2 

-8890 

1.2^ 

V2  +  2V3 

9000.1365“ 

12“ 

'Vahie  calcuiiied  by  Ulenikov  lod  Ushakova  18). 

*Meaiwt  value  £20%  (this  wofk),  equal  10  the  sum  of  the  mtensmes  of 
eight  linei  due  to  three  resonaiug  levels  of  (050). 

‘Vihie  from  ref.  2. 

^At  room  tempeiawre.  this  weak  hoi  band  is  noc  observable. 

'Expenmeiital  value  (this  wofk). 

'Nteasued  value  £20%  (this  woik).  equal  to  the  sum  of  the  mtensmes  ot 
seven  lines  due  to  the  lesonaong  level  |060)(6I61. 


resolution  and  centered  at  the  wavenumber  Oq,  is  related  to  its 
intensity  5®  (in  em'^  atm"*)  by 

[11  jd(ao)  =  1  -  exp  {-(S«xP//V’)  (log  2/rr)‘/2 

fc(0.  (log  2)'/^  y-/y°l} 

where  iKO.y)  is  the  value  of  the  reduced  Voigt  profile  at  the 
center  of  die  line  (see  Table  1  for  the  other  notations).  For  the 
low  pressures  >hat  we  are  concerned  with,  the  variation  of  the 
term  between  the  braces  from  one  line  to  another  is  mainly  due 
to  the  variations  of  and  7°,  which  is  proportional  to  oq;  thus. 

[2]  jl(ao)  ■  1  -  exp  (-S^o/oo) 

a  being  a  constant.  This  is  equivalent  to 

-[•31  a  -  -(Oo/S®)  log  (1  -  id(ao)l 

For  each  tecoided  spectrum,  an  avenge  value  of  the  coefficient 
a  is  determined  from  the  available  experimental  results,  i.e..  the 
line  inieostties  previously  obtained  by  the  curve-of-growth 
method  and  the  cortesponding  line  depths.  Then,  for  this 
spectrum,  the  average  value  of  a  is  used  to  derive  the  intensities 
of  the  other  lines  from  their  measured  depths. 
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Table  3.  Expenmental  rounooBl  energy  levels  for  the  vibnaoiud  states  lOSO).  (130),  (031).  (210).  (1 1 1).  and  (012)  of  the  second  hexad 

of  Hi“0 


i  HC 

0  9  0 

t  OEiu.i  n 

CN-1  30-JCII*« 

1  3  0 

f  OCIU.C  H 

CM-I  10-3CM-I 

0  2  1 

i  OflT8  1  N 

CN-I  10‘2Cfl>l 

7  1  0 

1  MLTft.E  N 

cti'1  io-iai‘i 

\  \ 

1  OELTI.C  N 

CM>1  10-3CR-1 

0  1  2 

(  0EIT8  (  N 

CM-1  10-icn-i 

0  0  0 

8272.9797 

0.9  t 

8172.8938 

0  9  1 

•781.9830 

0  t  1 

8807.0002 

0  9  1 

3000.1319 

0  9  1 

}  0  ) 

1297.3749 

0  12 

8217.4191 

0.8  2 

8788.  MH 

0  12 

8120. 22}| 

0  i  3 

9031. not 

0  1  2 

1  1  \ 

1322.2934 

0  9  2 

8421. 1849 

0  8  2 

8798.8411 

0  1  1 

8844.9372 

0  13 

3037.1989 

0  9  2 

1  t  0 

8229.3179 

0.9  2 

8427.1878 

0  8  3 

8808 . 1988 

0  12 

8890.1081 

0  13 

1042.8297 

0  9  3 

7  0  2 

8242. tiff 

0  9  2 

8442.8487 

0.4  4 

8824.9201 

0  8  2 

8879.  lOU 

0  4  4 

3088.7911 

0.1  3 

7  t  2 

8394.0197 

0.4  4 

8482.4118 

0  9  3 

8840.3799 

0  9  2 

8889.2071 

0  14 

9071.2822 

0  1  2 

2  1  1 

8392.2429 

0  9  2 

8480.8298 

0  9  4 

8898.7782 

0  1  2 

C90J.4I71 

0  S  4 

9099.1140 

0  1  3 

2  2  \ 

1499.9919 

0  4  4 

8948.8199 

0  9  2 

8898.8219 

0  4  4 

8944. t239 

0  1  3 

9129.8412 

0  4  4 

2  2  0 

8491.7182 

0  1  3 

8991.0348 

0.4  4 

8902.8981 

0  1  4 

8949.9844 

0  4  4 

3137.3944 

09  4 

3  0  3 

8409.8022 

0  9  2 

8910.2748 

0  5  4 

8884.0242 

0  1  2 

8929.8128 

0  4  1 

3123.9817 

0  14 

3  1  3 

8424.1012 

0  9  4 

8922.1089 

0  4  4 

8100.4991 

0  1  4 

8949.1131 

0  4  1 

9129.0191 

0  $  4 

3  t  2 

8480.7882 

0  4  4 

8980. 1444 

0  9  4 

8922  3094 

0  8  4 

8971.1748 

0  4  1 

1173.9097 

0  4  4 

3  2  2 

8927.3214 

0  4  9 

8120.8939 

C  9  9 

8998.7992 

0  4  1 

•014  0312 

0  4  1 

1309.1193 

0  1  9 

3  2  1 

8922.1221 

0  4  9 

8129. 9978 

0  9  4 

8978.9490 

0.4  4 

1030. 1741 

0  4  8 

1212.4899 

0  4  1 

3  3  J 

8880.149} 

0  8  4 

8748.1280 

0  9  2 

9087.7872 

0  1  2 

9098.2970 

0  1  9 

9287.2090 

0  1  9 

3  3  0 

8880.7372 

0  4  9 

8748.8489 

0  8  2 

1087.9340 

0.4  1 

1098.8098 

0  1  4 

1287. 42M 

0.4  1 

1  0  4 

8494.8898 

0  9  3 

8999  1819 

0  4  4 

8978.2034 

0  12 

9022  3311 

0  4  1 

3211  1139 

0  4  8 

i  t  4 

8904.2714 

<3  4  4 

8801.4108 

0  9  2 

8978. 1910 

0  14 

3029.  1113 

0  14 

9318  8917 

0  1  3 

1  I  3 

8912.8942 

1  f  3 

8814. 1048 

0  4  4 

1022.0270 

0  8  3 

3079.7112 

0  4  t 

3372  3312 

0  1  1 

i  7  3 

8120.2191 

0  4  9 

8714  8102 

0  9  4 

3011. 1923 

0  4  4 

9)09  43 U 

0  4  4 

3318.2134 

0  4  1 

;  7  7 

8112.0997 

0  4  9 

8728.4724 

0  4  4 

1077.1973 

0  14 

3131.1192 

0  1  T 

1319  1839 

0  14 

4  1  2 

8791.9209 

C  4  1 

9842.3432 

0  9  2 

1192.1034 

0  <:  1 

3192  1312 

0  1  4 

9313.1179 

0.4  1 

4  3  1 

1797. 1408 

0  4  9 

8844.0901 

0  4  9 

1192.1489 

0  t  1 

1194.1110 

0  3  7 

9384.1100 

0  1  1 

4  4  } 

8929.4412 

0  9  9 

3008.9111 

0  9  2 

1298.0138 

0  1  1 

9301  I0J1 

0  S  1 

9410.8121 

0  1  3 

i  4  0 

8929.4928 

0  8  4 

3008.8038 

0  9  2 

9309.1227 

0  4  4 

9490  9898 

0  13 

5  0  i 

1998.8992 

0  1  3 

8197.9914 

0  9  4 

1079.8041 

0  1  3 

9121  7438 

0  1  1 

9211  1914 

0  4  1 

5  1  « 

8•09.79t9 

0  8  3 

8702.4820 

0  8  1 

1077  1779 

0  1  3 

9123.0328 

0  4  1 

1317.0819 

0  1  4 

S  I  4 

8890. 1070 

0  4  4 

8791.0098 

0  9  2 

9t94.t99l 

0  4  4 

9200. lift 

0  1  1 

9394  8789 

0  4  4 

;  2  4 

8729.0801 

0  4  9 

8830.1729 

0  4  9 

3172.9811 

0  1  1 

9211.0472 

0  4  1 

9411.1271 

0  1  9 

i  2  3 

8781.8101 

0  4  9 

8898.8007 

0  9  2 

1204.8481 

0  4  8 

9349. 2424 

0  4  1 

9444  1902 

0  4  1 

S  3  3 

8878.2471 

0  14 

8984.0948 

0  4  9 

1271.2914 

Oil 

9110  9918 

0  3  8 

9903.7010 

0  4  • 

5  J  7 

itrt.siM 

0  4  1 

tsir.iMt 

2  1  2 

1279.0799 

0  4  1 

9211.2720 

0  4  1 

9909. 3270 

0  4  f 

S  4  2 

9127.9981 

0  9  4 

9428.2701 

0  4  7 

9811  1274 

0  4  1 

S  4  1 

1128  0922 

0  9  3 

9428  9442 

0  4  1 

9111  8008 

0  4  1 

S  S  1 

1297.2198 

0  9  9 

1124.0191 

0  9  2 

9912.9991 

0  1  4 

9749.1993 

0  1  2 

3  )  0 

9297.2279 

0  9  4 

1224.1040 

09  9 

9992.9998 

2.8  2 

97M  1991 

0  9  4 

1  0  1 

8719  9808 

n  1  1 

8817.2429 

0  4  1 

9191.4991 

7  0  3 

9228.2374 

0  4  1 

9422.9124 

0  1  4 

1  1 

8710.4018 

0  9  3 

8819.9142 

0  9  2 

9t82.|439 

0  B  4 

9738.8119 

3  14 

9411.9040 

0  4  4 

f  i 

8427  4272 

0  14 

8929.9940 

0  9  4 

9340  9777 

0  4  1 

1919.4280 

Oil 

1  i 

1870  9870 

0  9  4 

8199.7914 

Oil 

3308.I21I 

0  1  4 

3310  9494 

0  4  1 

9149  2119 

0  4  1 

i  4 

8917.0921 

C.  9  2 

1014.0739 

0  4  4 

9399. 9911 

0  4  1 

3199.1813 

0  1  4 

1  4 

3021.0702 

0  9  9 

9109.9490 

0  9  4 

9414  3149 

0  4  1 

1497  7179 

0  4  1 

1149  3119 

0  7 

1  3 

9119  9914 

0.4  4 

9422.9492 

0  9  1 

1419. 1088 

0  3  8 

9197.8181 

0  13 

(  3 

9199.2147 

31  1  1 

3271.1299 

0*3 

9117  3099 

0  14 

9711  1072 

0  8 

S  4  2 

1274. 1489 

0  4  4 

1118  2089 

0  3  7 

•717.9498 

0  1 

s  : 

9402.2344 

0  4  8 

1470  2123 

0  9  4 

9708  8012 

0  1  1 

9891. 1982 

0  4  4 

S  1 

1470.1911 

9  4  8 

9709  1018 

0  «  7 

3891. 1918 

0  3 

9  1 

3194.0119 

0  9  9 

3192.4978 

0  9  2 

9871.1142 

0  1  3 

10041.1192 

r  1  : 

S  1  0 

3192.1774 

2  9  2 

1992.9019 

0  17 

1871  1142 

0  f  3 

10047.9192 

3  3 

’  0  7 

8891.8942 

0  8  3 

8992.4794 

0  1  1 

3339.4287 

Oil 

9372.2011 

0  1  4 

9918. 1911 

0  1  3 

T  1  T 

8892.8840 

0  9  2 

8994.1198 

0  9  1 

1129  1143 

0  9  2 

3372  4741 

0  4  4 

1111.9014 

1  1 

’  1  1 

9002.7497 

0  9  4 

1104.9110 

0  9  3 

1491  3802 

7  0  3 

1187  9104 

9  4  1 

1192.2720 

0  14 

’  7  I 

1122.9949 

0  4  4 

4497.9971 

0  9  2 

9101.2414 

Oil 

1700.2379 

Oil 

r  2  J 

9017. 1241 

0  19 

•199. 9999 

0  9  7 

fill  9990 

0  4  7 

1771.2409 

0  4  4 

’  3  $ 

4279.0491 

0  4  8 

1187.7718 

0  1  7 

1819.94/1 

0  4  8 

9808.8121 

0  18 

?  3  4 

1294.2727 

12  2 

9944  2091 

Oil 

1118.4779 

0  I  3 

7  4  4 

1441  2900 

0  4  8 

9714. 0908 

0  4  1 

9924.9818 

0.9  1 

7  4  3 

9282. 8992 

7  3 

1449.1929 

1  7  4 

9737  1091 

0  4  7 

1129.0171 

0  4  1 

7  9  3 

9972.9497 

0  4  7 

1940.9212 

0  4  9 

9872. 2297 

0  4  1 

10080.9119 

0  7  4 

7  J  2 

1929.4977 

0  4  8 

9M2.9082 

0  9  1 

1872.2899 

0  9  1 

10081.1707 

0  4  8 

7  C  2 

1992.1199 

0  9  2 

10027.1317 

0  14 

10212.7228 

0  7  4 

7  1  1 

9311  9179 

2  9  1 

1992.1707 

29.1  2 

10017.1217 

8  0  J 

10212.7248 

0  14 

7  7  1 

10101.2090 

0  9  1 

10222.2190 

0  14 

10289. 4184 

3  7  2 

7  7  0 

10109.2010 

Of  1 

10222.2990 

3  I  2 

10289.4114 

0  9  2 

SOI 

9008.7029 

0  1  2 

1109.7099 

Oil 

1878  3179 

0  9  2 

1921.4710 

0  14 

1711  2019 

0  9  2 

1  1  1 

9001.0281 

0  9  2 

1107.2179 

0  9  2 

1478.9080 

0  9  2 

1922  8110 

0  12 

•718.9284 

0  9  1 

i  1  7 

9184.8982 

7  9  f 

1299.1902 

0  8  3 

9811.4419 

0  4  1 

8  2  7 

9203.1197 

0  4 

1299.7801 

0  7  2 

1828.2898 

0  9  2 

1174.2219 

Oil 

9188.2028 

0  1  1 

12  1 

9401. 8899 

0  9  9 

1779.2079 

0  8 

9972.1218 

0  14 

111 

9499.9912 

0.9  2 

9792.9282 

Oil 

1800.4009 

0  4  1 

1989  1727 

0  S  1 

1  3  9 

9499.8414 

0  8  4 

9848. 9299 

0  4  9 

10049. 29M 

0  1  1 

8  4  9 

9924.1827 

Oil 

10117 .0081 

0  9  4 

1  4  4 

1841.8870 

0  8  7 

9922.1918 

0  4  1 

19  4 

)0002.87H 

09  9 

10298  4702 

0  8  7 

8  9  3 

1812,8110 

0  9  1 

10088.2421 

0  4  1 

10199. 2008 

Oil 

111 

10127.1479 

OT  4 

10408.0878 

2  1  2 

112 

IOOIf.1499 

0  8  2 

10227  0271 

0  4  4 

1  r  2 

10200  9278 

r  T  2 

10428.4278 

0  7  4 

>0187  9117 

0  8  7 

f  7  » 

10200.9408 

0  9  4 

10428  4278 

01  1 

10987. 9917 

3  1  1 

8  I  t 

10840.01 48 

3  9  2 

110 

10840.0189 

0  9  2 

1000 
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Table  3  (conduded) 


0  S  0 

1  1  0 

0  1  t 

3  1  0 

1 

1  1  1 

0  1  3 

i  lA  KC 

r  niTA.f  N 

( 

UCLTA.r  M 

(  OCIU.C  II 

C  OflU  C  H 

E 

3C11A  E  N 

E  OCLTA  E  N 

CH-f  lO-JCK-l 

CHvf 

IQ-3CH-I 

cn-i  lo-ioi^i 

cji-i  lo-im-i 

cn-i 

Cn-I  lO-JCM-l 

3 

0 

9 

9174. 1119  0  9  3  1377.3304 

0  9 

3 

9844.4899 

0.9 

3 

ff9f.3t43 

0  9 

3 

3887.1137 

0  1 

3 

9 

1 

9 

9179.1334  3ft  3  9377.4790 

0.4 

3 

9144.8198 

0  9 

I 

9193.1090 

0  9 

3 

9887.7979 

0  9 

1 

9 

1 

S 

9417.1499 

0.9 

3 

9814.7733 

0.1 

3 

9811.1309 

0  1 

3 

10098.71)9 

0  8 

9 

3 

8 

9494.  IU9 

0.8 

3 

9884  4990 

0  9 

4 

10091.4879 

0.  7 

9 

3 

7 

3993.9788 

0  9 

4 

10187.4147 

0  8 

9 

7 

9171. 391) 

0.4 

4 

10009.0919 

0  4 

9 

10301.0383 

0  9 

9 

1 

10074.8197 

0  9 

9 

10174.9848 

0  9 

9 

4 

1 

10139.1397 

0  4 

1 

9 

4 

S 

10199.8777 

0  f 

4 

10393.0378 

0  9 

9 

9 

9 

10378.3743 

0  4 

9 

10471. 4889 

0  1 

9 

4 

10179  9989 

0  9 

4 

10473.1978 

0  1 

9 

4 

10441.1774 

0  4 

4 

3 

10440  8310 

1  0 

3 

3 

10143.1177 

0  8 

9 

9 

3 

10143.1177 

30  ft 

3 

I 

3 

10898.1377 

0  9 

1 

• 

1 

10898.1378 

1  0 

3 

10 

0 

10 

9441.0019 

0  8 

3 

9830. 1884 

0  9 

I 

9878  8037 

0  9 

3 

•0074.3484 

1  0 

1 

'0 

1 

10 

9449  0899 

3  1 

3 

98J0.84T3 

0  9 

3 

9877  8138 

0  1 

3 

10074  4830 

0  f 

1 

’0 

9 

10088.8808 

0  9 

3 

0 

3 

9 

10034.7008 

0  9 

I 

10081.0838 

0  1 

3 

0 

3 

9 

1473.8004 

0  4 

4 

10334  7891 

0  4 

4 

'9 

1 

a 

9884.1798  09  3 

10317.1313 

0  8 

9 

10339.0319 

0  t 

9 

3 

V 

10330.8170 

0  1 

4 

•9 

4 

V 

10338.3143 

0  9 

9 

10371  1901 

0  7 

9 

•9 

4 

( 

10404.8718 

0  4 

mil  }]i: 
10U0  Tirj 


0 

1  4 

1017ft  4307 

0  4  3 

■0 

7  \ 

10884  ISII 

29  1  1 

'0 

7  3 

10884  9804 

0  9  3 

•0 

1  3 

11101.4439 

39  1  1 

0 

1  3 

11101.4439 

30  1  ; 

11 

0  11 

100)3.0471  3  9  1  10081.4474 

0  "1  3 

•1 

1  11 

9170  0734  0  9  3  >0033.4941  0  9  1  10081.4194 

0  9  3 

1 1 

1  10 

10384  9897 

0  y  3 

1 1 

3  10 

10393 . 3908 

0  9  3 

;  1 

3  1 

10487.1118 

0  7  1 

1 1 

3  9 

10471.3801 

0  t  4 

1 1 

4  4 

IOI3I.7I74 

0  1  h 

'1 

9  7 

10778.7348 

0  S  4 

1 1 

1  1 

10940  8073 

0  8  3 

1 1 

7  9 

11148  8793 

0  9  I 

1 1 

8  « 

Mill.  7871 

2  9  1 

■  i 

8  I 

11318.7938 

8  ^  7 

•3 

0  13 

78938187  09  7  10)01.7403 

0  8  2 

•2 

1  13 

10301  4911 

0  1  2 

; 

1  !  1 

<0937.7980 

0  9  3 

’3 

3  M 

109)3  7094 

0  7  1 

3 

3  10 

107)1  0789 

2  0  3 

3 

3  10 

10731.9190 

1  0  i 

13 

3  9 

10887  8179 

0  9  7 

>3 

4  4 

10981.4980 

0  9  7 

12 

9  7 

11078.8883 

0  9  3 

<3 

0  tj 

1093*1  7891 

1  0  2 

■3 

1  13 

10939.7908 

0  7  3 

■  3 

1  '3 

10791  4  in 

■  Q  1 

II 

1  17 

10789  7177 

9  9  1 

13 

3  It 

11009  0879 

0  9  3 

’1 

1  1 

119)3.9739 

0  9  1 

14 

0  14 

10794  9993 

0  9  7 

14 

1  14 

10T94  9039 

8  3  3 

M 

1  1) 

POiT  0831 

U  9  1 

14 

7  13 

11301.7008 

7  9  1 

14 

3  It 

Mirt  1449 

4  7  1 

19 

0  19 

11087  0790 

3  0  1 

19 

1  '9 

11087.0794 

0  9  1 

19 

3  14 

11398.4841 

3  9  1 

It 

0  18 

11398.371) 

3  9  1 

t| 

1  18 

11398.3789 

39  1  1 

17 

0  IT 

11883  4777 

1  1  1 

17 

1  17 

11183.4774 

3  9  1 

■<OTn:  E:  ihe  tAptnmenal  CMffy  m  cm''.  DELTA. E:  the  uncmuimy  m  the  energy  value,  equal  to  one  uandard  devuoon  in  uma  of  )0~‘cm*'. 
N :  (he  numOCT  of  oBiervnd  linct  emvrng  at  the  conespondmf  level.  lAdditianal  levels  of  the  I M  I )  state,  obiaioed  by  Cinty-Pevtet  et  ai.  from  dame 
spectra  and concapandMf  to  Iiigher3  values,  can  be  found  tn  lef.  4  )  An  addibonal  level  of  ihe  lirti  decad.  (060H6I6I  it  si400.64l3cm''  ^  0.41  x 
:0~‘cm  :t  known  by  seven  lines. 
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Table  4.  List  of  expenmencaJ  assigned  line  positions  and  intensities  of  H^'^O  at  300  K.  between  8000  and  9SOOcm'' 


SICHl  .■  «l| 

:«• » 


S09I  M30 

130 

1 

1 

2 

3 

SC«0  1334 

130 

0 

9 

1C 

1 

10 

8MI.3SBI  f 

130 

1 

9 

10 

0 

10 

80Y1  4M3  P 

031 

2 

4 

8 

4 

3 

8071  $309  P 

no 

2 

4 

S 

3 

3 

son  1399 

031 

2 

4 

7 

4 

3 

8084  4927 

no 

0 

• 

9 

1 

9 

8019. 1119 

130 

1 

8 

9 

0 

9 

son.  1942  P 

031 

12 

0 

12 

n 

0 

13 

8091. 9173  P 

no 

2 

9 

8 

3 

1 

8099  2349  P 

03! 

0 

9 

i 

2 

4 

8099.9919  P 

130 

9 

0 

9 

9 

1 

8 

8099.3272 

031 

1 

9 

7 

3 

4 

8100.3991  P 

130 

3 

4 

7 

3 

9 

8107  1913  9 

130 

0 

7 

6 

1 

8 

8*07.1913  9 

130 

4 

3 

8 

9 

4 

8109  3109  P 

no 

t 

7 

9 

2 

8 

8109.9291 

no 

1 

3 

4 

3 

3 

8109.9199 

130 

1 

7 

8 

0 

8 

8*1!  4917 

no 

3 

3 

9 

3 

3 

9M3  2240 

331 

1 1 

1 

1 1 

13 

1 

13 

8112  8924 

no 

2 

3 

8 

3 

4 

8M9  1139 

no 

: 

1 

1 

8 

2 

7 

1118  9172  P 

no 

3 

3 

( 

4 

2 

l’:0  4390  P 

no 

1 

8 

8 

2 

7 

!i71  8812 

no 

3 

2 

8 

4 

3 

!i24  0397 

no 

2 

7 

3 

1 

8 

*177  8183 

no 

1 

9 

■* 

2 

1 

•129  1274 

no 

2 

2 

5 

3 

3 

8129  9009  P 

no 

0 

t 

7 

1 

7 

9132  8441  P 

031 

3 

7 

4 

4 

1 

8133- 1124  P 

no 

1 

1 

7 

0 

7 

■134  1791  P 

:so 

1 

1 

7 

9 

2 

1137  1999 

no 

1 

4 

8 

2 

9 

8137  8913 

031 

’0 

0 

10 

1 1 

0 

1 1 

8137  9110  P 

031 

*0 

1 

10 

1 1 

1 

11 

8140  9918 

oil 

1 

3 

4 

3 

2 

8143  4719 

no 

2 

: 

4 

3 

1 

8149  1994 

no 

] 

2 

8 

4 

1 

6147  0219 

no 

3 

1 

i 

4 

2 

8147  1413  P 

no 

0 

7 

7 

1 

8 

8147  9199  P 

no 

1 

3 

9 

2 

4 

8U9.0799 

oil 

0 

4 

8 

2 

3 

8149  1092  P 

no 

2 

1 

4 

3 

2 

8149  9431  P 

no 

0 

9 

1 

1 

f 

8191.9033 

no 

1 

3 

3 

2 

t 

8199  2927 

031 

1 

3 

9 

3 

2 

8199.0997 

no 

t 

9 

6 

0 

« 

9190.4014 

no 

1 

2 

4 

2 

3 

9112  1799 

031 

0 

9 

10 

0 

10 

8112  9399 

031 

1 

9 

10 

t 

10 

8119  4940 

no 

1 

1 

I 

2 

9 

8189  7T?7 

no 

2 

1 

7 

1 

1 

8189  0400 

'  ]U 

n 

4 

8 

1 

8 

8171  9331 

no 

7 

} 

3 

3 

0 

8172  9114  P 

no 

3 

1 

4 

4 

0 

8172  9470  P 

no 

3 

0 

3 

3 

1 

8172  1293 

no 

3 

0 

4 

4 

1 

8173.0797 

no 

0 

1 

1 

1 

9 

8179  9419 

no 

f 

1 

] 

3 

3 

8171  3029  P 

031 

1 

2 

4 

3 

1 

8179  0233  P 

no 

1 

4 

8 

0 

9 

8194  7191 

no 

0 

3 

4 

1 

4 

1189  0119  P 

no 

9 

3 

7 

• 

1 

8199. 9197  P 

031 

0 

• 

9 

0 

9 

tin. 9923  P 

no 

1 

9 

9 

3 

4 

8197.0079 

031 

1 

4 

9 

1 

9 

•197  1299 

no 

1 

1 

2 

2 

0 

•197  3713  1 

no 

4 

0 

9 

9 

1 

1197  J7f3  • 

no 

4 

1 

9 

9 

0 

9192  1749 

no 

3 

4 

1 

1 

9 

1194  4999 

no 

1 

0 

2 

3 

1 

•194  1999 

oil 

0 

3 

4 

2 

2 

9194.9304  P 

031 

1 

9 

10 

1 

9 

9199  4219  P 

Oil 

1 

1 

1 

1 

0 

9199  9999  P 

no 

7 

7 

9 

1 

1 

1197  4391 

no 

0 

9 

9 

I 

4 

8300.9037 

no 

0 

3 

3 

1 

1 

8301.0910 

oil 

2 

• 

10 

2 

9 

8209.9949 

no 

1 

1 

4 

0 

4 

8201.7419 

031 

2 

9 

9 

2 

; 

8709.0097 

130 

1 

4 

4 

2 

1 

not  1109 

031 

1 

7 

9 

1 

9 

1209. 1939 

Oil 

a 

7 

9 

0 

• 

8210.9199 

031 

1 

7 

9 

1 

• 

8219.1711  1  • 

no 

9 

1 

9 

9 

0 

1219.1711  9 

no 

9 

0 

9 

• 

1 

1219.7999  P 

oil 

] 

9 

9 

3 

9 

8217  9711  P 

no 

0 

1 

2 

1 

2 

8219  3099 

no 

1 

3 

3 

2 

3 

8219. 1199  P 

no 

0 

4 

4 

1 

1 

1219.1949 

091 

2 

7 

9 

2 

• 

1220.9091  P 

130 

2 

1 

9 

1 

4 

8293.1079  9 

OJI 

0 

• 

• 

2 

7 

•291.9291 

190 

1 

• 

7 

2 

9 

i”  IMTiillTT 

CM- 1  CM-J  «TN>t  Z 


cn-i 


v:8  j-**-te*  mriNsuv 

CM- 1  CM-1  •TH-I  X 


449  910 

1  4  C-Of 

10 

9293.0079  P 

1114  949 

1  176-01 

1 

8329.0399  P 

1114  933 

4  1  I-C9 

10 

9327.2919 

799  724 

7  4  t-09 

10 

8929.1974 

611  949 

4  0  I-OI 

10 

9220.2941 

931.217 

8  9  6-09 

10 

9221.0009 

920.211 

7  3  1-09 

10 

9221. 1109 

930. 119 

2  331*09 

6 

8221  4970 

1601.171 

19  1*09 

20 

9221.9939 

1009.114 

4  9  f-Ot 

to 

8222. 1949 

602.773 

7  7  (-01 

10 

•224.4999  P 

1079  090 

1  2  (-09 

20 

1224.9940 

842.399 

9  9  (-01 

10 

9229.2279 

ail  994 

3  4  (-01 

10 

9329.9299 

744  111 

4  4  (-09 

30 

9217  7497 

1399.  199 

4  4  (-01 

30 

8217.9941  P 

1090.389 

1  9  (*01 

10 

9229.9909 

319  779 

7  1  (-09 

10 

9742.1019  P 

744  094 

1  8  f-OI 

10 

•741.9993 

808  913 

2  29(*09 

6 

9341.9290  P 

>897  949 

3  7  (-09 

10 

9244  1990  P 

649  979 

1  74(-OI 

6 

9749.0790 

689  100 

1  78(09 

6 

8749.7049 

n?  780 

1  4  1-09 

10 

8749.0099 

889  loo 

2  4  (-09 

10 

8749.1092  1 

*81  724 

»  2  (-09 

10 

8749  1093  i 

<079  080 

6  0  (-08 

10 

8749  9173 

*09  809 

7  T  (-09 

to 

8749.7934 

803  911 

8  8  (-01 

>0 

8749.4729 

881  479 

2  3  C-C9 

10 

9390.9017 

489  107 

3  1  (-Ol 

10 

8291.2997 

889  243 

7  24(08 

6 

8791.9749 

1099  139 

4  3  (  Of 

to 

8292.9499 

892  911 

3  i2(*09 

6 

8399. 3039 

1327  109 

1  0  (-09 

10 

9299  0024 

1327  119 

3  1  (-09 

10 

8291.3309 

382  919 

7  4  (-09 

10 

8291.1799  i 

383  942 

1  821*09 

6 

8199.9271 

110  340 

2  1l(-09 

6 

1297.1832 

610  113 

8  0  (-01 

10 

8297  2419 

104.214 

7  1  (-09 

30 

•291.2192  P 

419  209 

1  7  (-09 

10 

9299.2222  9 

441  110 

1  1  (-09 

10 

•294.2223  9 

382  919 

4  9  (-09 

7G 

4294  9479 

447  292 

1  0  (-04 

to 

9299.2493 

213  191 

3  9  (  -09 

10 

9399.4319 

809  912 

8  4  (-09 

10 

9299. 0109  P 

449  997 

3  891*09 

6 

9299. 9229 

200  312 

6  4  (-09 

to 

8270  2291 

till  913 

8  4  (  Of 

10 

8272.9733 

1114  949 

2  3  (-09 

10 

8274  9249 

882  911 

1  2  (-09 

10 

9279  7992  P 

T04  214 

2  381-09 

1 

8779  9991 

321  129 

4  3l(-09 

1 

8777  7970 

289  411 

1  7l(-09 

6 

4791  4919 

489  134 

1  2  (-09 

30 

8291. 7899 

289.219 

2  3  (-09 

30 

9791.9929 

481  107 

3  1  (-09 

»0 

9791  1730  f 

942  909 

8  2  (  0* 

10 

9291.9991 

209  101 

7  I2(*09 

6 

9794  9479 

381  942 

2  8  (*09 

10 

9799.1273 

329  347 

1  36(*04 

6 

8291  1900 

224  939 

1  47(-04 

6 

9299  2244 

nil  191 

1  1  (-09 

10 

•299.3717  P 

970  199 

8  0  (-09 

10 

9299.4014  P 

419  209 

7  1  1  09 

20 

9202  0249  8 

920  ‘»ll 

t  931*09 

4 

•101.0149  9 

131  111 

2  34(*09 

1 

•904.0729 

742  073 

2  01(-09 

6 

•109.4199  9 

742  Off 

7  0ir*09 

6 

•ICt.9722  9 

942.909 

1  1  (-09 

10 

9109.9723  9 

134  902 

1  44(*09 

6 

9109.0440 

311.779 

42  (-09 

10 

9209.4990 

1292.019 

34  (*09 

10 

9209  9970 

289.419 

7  1  (-09 

20 

9207.2191  9 

1008. 119 

1  1  (*09 

20 

•10?. 4742 

399  497 

3  91(*09 

f 

9100. 7979 

142  279 

4  ;i(*oi 

4 

•110.0210  P 

<291  934 

1  1  1*01 

to 

•110.2199 

232.012 

4  9  (-09 

10 

9111  7902  9 

1201.921 

1  4  (-01 

10 

9216.7902  9 

300.112 

3  2K«0I 

1 

•212.1191 

1079  090 

2  I9(-0I 

4 

•112.1999  P 

744  094 

1  49I-09 

1 

•219.9099  9 

744.112 

1  09(*04 

• 

•219.0799 

1049. 0I9 

9  0  (-09 

20 

9120. 1992 

1049.097 

9  0  I-OI 

20 

•220.9901 

1:12  919 

9  7  f-09 

70 

•120.9919  9 

79  499 

1  241-04 

1 

•121.9994  P 

209.10. 

1  401*01 

6 

9122.2910 

279.497 

2  Olt-OI 

1 

•124.9099 

1000. 199 

9  4  f  -09 

(0 

9229. 9?9t 

199. 497 

3  49(*99 

4 

•m.9999 

9M.I00 

1  7  1*09 

10 

9192.2994 

799.999 

1  3  (*09 

10 

9m.H29 

no 

2 

3 

4 

('ll 

178 

1  2  (-09 

20 

731 

j 

\ 

7 

662 

191 

1  7  (-09 

20 

133 

1 

0 

3 

<39. 

711 

1  291*04 

1 

no 

1 

2 

1 

134 

902 

3  I7(*09 

i 

031 

3 

10 

3 

6 

1441. 

P8 

9  0  1-09 

10 

C31 

0 

0 

7 

889 

261 

18  (*06 

10 

no 

2 

3 

3 

SOI. 

919 

•  9  (-09 

10 

031 

0 

2 

1 

212. 

198 

20  (-09 

to 

031 

3 

2 

9 

782 

609 

2  99(-09 

I 

oil 

1 

1 

7 

SSI. 

679 

1  0  (-09 

10 

031 

1 

1 

6 

ro4. 

214 

I  Off *04 

c 

no 

1 

2 

4 

602 

771 

9  6  f  '>« 

10 

no 

U 

! 

2 

171, 

319 

1  071*06 

6 

no 

0 

0 

0 

1 

1 

37 

111 

3  1  1-09 

10 

no 

2 

3 

2 

382. 

119 

2  1  (-09 

10 

031 

2 

2 

7 

S89 

100 

9  98(*0i 

t 

no 

3 

2 

8 

782. 

409 

8  IK -09 

1 

no 

3 

? 

3 

1 

289 

219 

1  9  r-09 

to 

no 

1 

2 

3 

441 

910 

94  (-09 

10 

031 

0 

J 

6 

•09, 

•09 

1  9  (-09 

20 

031 

1 

3 

8 

1080 

197 

8  4  (*09 

10 

no 

1 

7 

0 

nf . 

til 

t  9  (*09 

to 

no 

? 

3 

0 

789 

419 

2  0t(-09 

6 

no 

0 

1 

1 

"S 

179 

6  1  (-09 

10 

031 

1 

I 

s 

S42 

909 

7  8  (-09 

20 

no 

1 

2 

2 

318 

779 

7  8  (-09 

20 

no 

1 

2 

1 

212. 

191 

8  1  (-09 

10 

no 

7 

3 

1 

363 

•62 

1  0  (-09 

10 

031 

3 

3 

7 

nil. 

232 

8  (■  (-09 

10 

Oil 

1 

* 

1 

1 

704 

214 

7  9  (-09 

10 

031 

0 

3 

6 

441 

917 

9  I7(*09 

9 

no 

2 

» 

3 

279 

617 

8  1  (-01 

10 

no 

7 

3 

7 

S08. 

112 

29  (-09 

10 

no 

t 

0 

i 

70. 

no 

23  (-09 

10 

no 

0 

1 

0 

42 

371 

1  171*06 

1 

031 

1 

1 

6 

447 

292 

2  8l(-04 

1 

no 

2 

T 

3 

4 

442 

381 

1  2  (-C9 

20 

031 

2 

2 

1 

102. 

773 

6  IK  *09 

6 

031 

2 

7 

2 

1 

709 

lot 

3  83t*09 

6 

031 

2 

4 

3 

781. 

724 

9  3  ('09 

10 

Oil 

0 

2 

0 

ni 

111 

17  (*09 

10 

031 

0 

2 

i 

S82 

911 

1  9  1*09 

20 

130 

3 

4 

3 

781 

726 

19  (*n 

20 

Oil 

1 

1 

4 

379 

697 

2  t2t*06 

1 

no 

1 

4 

1 

610 

340 

19  1*09 

10 

no 

3 

4 

1 

419 

107 

II  1*09 

10 

no 

3 

4 

0 

489 

116 

3  1  (-09 

10 

031 

3 

3 

4 

1009 

lit 

3  39t-09 

6 

031 

0 

0 

i 

328 

367 

3  9I('06 

1 

no 

3 

2 

4 

(02 

.773 

1  0  (-09 

10 

oil 

3 

3 

4 

f«7 

391 

8  1  (-09 

10 

031 

1 

1 

8 

S42 

909 

1  1  (-09 

10 

Oil 

1 

1 

J 

321 

129 

1  4  (-04 

10 

031 

2 

2 

8 

•82 

911 

1  821 -04 

s 

Oil 

t 

4 

f 

nio 

139 

7  8  (-09 

10 

031 

0 

2 

4 

411 

209 

7  2  (-09 

10 

031 

2 

2 

3 

441 

910 

2  10(*04 

6 

*  %  1 

2 

'0 

4 

7 

1881 

331 

3  6  (-09 

20 

no 

7 

1 

2 

173 

319 

1  9  (-09 

10 

oil 

1 

1 

3 

279 

697 

1  611*06 

1 

oil 

0 

0 

4 

222 

092 

1  191*06 

6 

031 

3 

3 

8 

Sit 

196 

2  271-09 

1 

031 

0 

2 

3 

300 

.182 

2  30(*0I 

1 

Oil 

1 

1 

4 

226 

•19 

6  998 *04 

1 

031 

7 

2 

4 

111 

209 

1  20C-09 

1 

no 

1 

8 

2 

1099 

•19 

2.9  (-09 

20 

031 

1 

1 

4 

399 

697 

29  (-09 

20 

031 

0 

2 

2 

209 

101 

99  (-09 

10 

090 

1 

s 

8 

2 

699 

998 

1  9  (-09 

20 

no 

I 

0 

0 

1 

23 

.796 

1  9  (-04 

20 

031 

3 

3 

J 

611 

.969 

1  9  (-04 

20 

130 

0 

3 

1 

1 

37 

1  441-01 

9 

no 

2 

I 

9 

329 

•29 

7  2  i-n 

10 

oil 
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to 

9999.9199 

111 

II 

I 

10 

10 

1 

• 

1391.914 

1.0M*09 

1 

1008 
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Table  4  (continued) 


UOU  /■  VII  J-ll-lf  J-Vl'ie-  E*  UtlUlIf  SIDMI  »•  V!|  j  J»  «C'  E"  UTIISIU 

CK-l  Cl-l  tll-1  ItM'l  X  CH-I  CN-I  CH-?  »IH- '  X 


S9tt.li«| 

til 

9  17 

8  3  f 

1008.111 

6  888-04  I 

9091.1418  P 

013 

3  2  1 

7  1  2 

79.489  30  €-04  10 

?90t.47T9  0 

111 

IT  1  !7 

19  1  11 

3610.941 

4  0  1-08  30 

9098  9879  P 

IH 

7  i  3 

’  3  9 

811. 884  1,9  8-08  SO 

9001.4779  1 

It) 

17  0  17 

11  0  11 

3660.949 

6  0  1-08  30 

9097. 1891  P 

0)3 

8  6  6 

7  S  3 

1099.819  9.3  r-OI  10 

9001.9104  f 

ni 

11  1  10 

10  1  9 

1391.019 

9  4  8-Q9  10 

90S7  1399  P 

1  H 

6  6  1 

S  3  4 

641.978  79  t'0«  to 

9001  1991  9 

HI 

8  4  4 

7  4  3 

931.317 

9.8  8-04  10 

9018.0138 

HI 

116  7 

•0  9  6 

1718.718  3.3  C-09  10 

9009.4131 

111 

3  10 

2  1  1 

99.179 

8  138-09  8 

9098.1391  P 

fH 

6  6  1 

6  3  1 

1008.118  3.1  C-08  20 

9004. 1737  r 

111 

8  19 

7  3  4 

843.198 

1  8  8-01  10 

9098.8491 

013 

9  9  9 

8  6  3 

1411.848  3  1  1-08  10 

9004.3114  P 

til 

8  9  4 

7  9  1 

1098.847 

1  S  8-04  30 

9010.1888  P 

310 

T  5  2 

7  2  9 

782.409  1.0  €-09  10 

9004.4070  f 

111 

8  9  1 

7  9  3 

1091  819 

3.988-04  1 

9081.7118 

013 

i  3  2 

9  3  3 

448.910  1.9  1-04  10 

9001.  HOT  P 

til 

4  4  0 

4  2  3 

300.113 

3.108-08  8 

9081.1491 

013 

9  9  4 

8  6  3 

1411. 812  9.1  €-08  10 

9000.1109 

013 

9  3  8 

8  3  9 

1090  197 

89  8-08  >0 

9081.1889 

013 

8  7  9 

8  7  f 

983.913  8-9  €-08  10 

9007.4081 

ttl 

13  1  11 

11  1  10 

1934.848 

1  078-04  I 

9091.9910 

Oil 

3  3  3 

3  1  3 

141.171  8  31C-09  8 

9000. 1390 

HI 

9  4  1 

9  3  4 

411.308 

1  2  f-09  10 

9094.1149  P 

OH 

8  3  8 

7  4  3 

931.311  79  8-08  30 

9U00.9884 

til 

13  3  11 

11  2  10 

1939.117 

1  7  l-OI  10 

9099.9494 

HI 

6  3  3 

9  1  4 

399.497  3  888-04  1 

9009.3818  P 

013 

8  13 

7  7  0 

1394.813 

8  9  8-08  30 

9099.9111 

HI 

Mil 

10  6  9 

1874.971  1  1  f-09  10 

9010.0847  P 

til 

f  2  7 

4  7  6 

943.913 

3311-04  1 

9098. 9149  P 

013 

4  1  7 

7  2  7 

309.101  79  f-09  10 

9010.8310 

til 

B  8  3 

7  1  1 

1311. 181 

1  1  8-04  10 

9098.8711  P 

013 

4  7  1 

4  2  3 

319.779  8.178-09  6 

9010  9998 

111 

8  13 

7  1  3 

1311.119 

4  0  f-OI  10 

9088.9799  9 

013 

3  1  3 

2  0  3 

70.090  9.098-09  4 

9013.7939 

til 

10  3  8 

9  3  7 

1311.332 

1  348-04  8 

9089.1903 

013 

9  3  7 

8  4  4 

1131. 778  2.0  €-08  lO 

9011.7319  P 

111 

8  9  4 

8  3  9 

1090.197 

11  8-08  10 

9088.1313  P 

012 

S  t  4 

9  0  9 

329.347  1  9QC-04  8 

9014  1111  P 

HI 

9  4  8 

8  4  9 

1133.709 

4  818-04  1 

9070.1104  P 

013 

9  4  6 

9  3  6 

1381.919  9.1  1-09  30 

9014.3399  P 

013 

9  4  3 

9  9  0 

743.071 

I  7  t-08  90 

9071.1981 

031 

6  i  1 

9  1  4 

399.491  4.088-09  6 

9014.9947 

013 

9  3  3 

4  4  0 

444. 114 

1  2  8-08  30 

9071.0318 

013 

T  3  5 

7  1  6 

704.314  9  948-09  6 

9019  otto  P 

Ilf 

13  3  17 

12  3  M 

t774  791 

3  0  8-09  10 

9071  8480  P 

013 

9  7  6 

9  3  f 

1701.931  8.8  f-Of  10 

3019  3978 

lit 

•  4  : 

6  3  9 

993  911 

3  988-09  6 

9071  1743 

013 

4  3  3 

4  t  4 

3;4.939  2. 1  €-04  10 

''019  4718 

013 

6  4  3 

9  9  1 

743,073 

3  0  f-08  10 

9073.8749  P 

013 

i  0  4 

3  1  3 

143.379  9  32C-09  6 

.019  1493  P 

2t0 

4  3  3 

3  0  3 

H6.7I1 

1  9  8-09  30 

9071.9731  • 

111 

10  7  3 

9  7  2 

1810.989  12  C‘09  30 

3019.4949  P 

:to 

10  3  8 

9  2  7 

1301  931 

1  4  1*04  10 

9071  9739  8 

Ml 

10  7  4 

9  7  3 

1810.994  6.2  €-08  30 

3011  0439 

0)3 

7  9  3 

1  4  1 

1049.097 

1  798-09  8 

9074  1941 

IH 

)3  3  9 

117  8 

'813.131  am -05  6 

30tl  7014 

IH 

13  1  13 

13  111 

1774  619 

1  1  8-09  10 

9074  1414 

HI 

6  3  4 

9  0  9 

339.347  7808 -09  6 

3017  1939  P 

IH 

4  3  3 

1  t  1 

447  393 

14  8-09  10 

9079  3841  1 

013 

3  3  0 

3  3  1 

313.119  1  801-04  8 

9018  9030  P 

Ht 

3  3  t 

3  1  3 

79  499 

1  178*04  6 

9079  3841  1 

060 

6  1  6 

9  0  9 

329.347  1  BOC-04  1 

3019.0414  P 

012 

1  1  0 

1  0  1 

33.794 

3  808-04  t 

9071.1871 

130 

6  i  2 

9  0  9 

339.147  S  118-09  6 

9090. 1177  P 

013 

9  3  3 

4  4  1 

488.107 

30  l-Ot  10 

9079.8909  P 

HI 

12  5  7 

119  6 

1998.999  91  l-Of  10 

9031.1999 

IH 

4  3  1 

3  1  2 

173  389 

3  908-04  6 

9080.4193  P 

HI 

U  3  H 

13  3  10 

3414  739  1.1  C-CB  30 

9013.8179  P 

Ht 

10  3  a 

9  3  7 

1301.931 

3  698-04  8 

9080.9043 

013 

3  3  1 

3  2  3 

308.101  9.341-09  6 

9031  3079 

HI 

9  9  9 

4  9  4 

1399.181 

3  0  8-04  10 

9083. 0987 

Oil 

4  1  4 

3  0  1 

(38.781  1.8  C-04  10 

9031.4094  P 

031 

8  9  1 

1  1  1 

447  393 

t  1  8-08  10 

9081  4900 

IH 

13  4  8 

11  4  7 

'899.008  IS  8-09  10 

9031.9013  P 

lit 

9  4  9 

8  4  4 

1131.778 

19  t-04  10 

9081.7991 

Oil 

4  3  3 

4  3  3 

300. »3  1  998-04  1 

9031.9444  P 

IH 

9  9  4 

4  9  3 

1399.913 

9  1  l-OI  30 

9089. 0138 

Oil 

6  3  4 

9  1  9 

331.919  9  108-01  8 

9034.9119 

HI 

3  3  6 

8  3  9 

1090.197 

1  998-04  8 

9081.0843  P 

310 

7  6  3 

6  4  3 

761.714  9.1  t-08  10 

9034.7718 

Ht 

14  t  1} 

13  1  12 

3043. IH 

12  C-09  to 

9088.  IS7I  P 

tH 

i  3  3 

4  1  4 

234.919  9.8  1-09  10 

9039.0713 

013 

3  1  1 

3  0  3 

70  010 

1  881-04  8 

1088.4930 

Oil 

6  3  3 

9  3  4 

4)1.208  4.7  1-09  10 

9039.3918 

111 

11  3  9 

10  3  8 

1448.138 

1  908  04  8 

9081.9101 

013 

7  4  3 

7  3  4 

841.198  1.1  C-OS  10 

9039.9497 

013 

8  3  7 

7  3  4 

643.198 

3  398-09  8 

9088.7138 

013 

6  1  S 

6  0  6 

448  187  39  8-09  10 

9937.1901 

HI 

9  3  1 

4  0  4 

333  091 

18  8-04  to 

9088.8081 

310 

1  3  4 

9  0  9 

339.147  2.9  t-09  10 

9037.7011  P 

HI 

7  4  1 

7  3  I 

709  108 

8  3  8-09  10 

9090  1138 

013 

9  3  1 

8  1  7 

881.891  9.7  C-09  10 

9079. 1993 

IH 

9  1  1 

8  1  3 

1411  148 

3  3  f-09  10 

9091.1919 

013 

i  0  9 

4  1  4 

224.919  1.I4C-04  1 

9079.9991  P 

tit 

9  9  4 

8  1  3 

14H  113 

1  9  1-09  10 

9091  9399  9 

HI 

10  8  3 

9  8  3 

3009.104  3.1  1-09  30 

9079.4432  P 

III 

M  3  9 

10  3  8 

1437  949 

4  r  c-09  10 

9091  8399  I 

HI 

to  8  3 

9  8  f 

7009.904  It  {-08  20 

9010. 1049 

111 

to  4  7 

9  4  1 

1340. 149 

6  3  8-09  to 

9099.1191 

013 

1  3  4 

6  3  9 

691.911  8  748-06  6 

9010. 9999 

Ml 

7  9  1 

7  3  4 

643.191 

3.4  8-09  10 

9091.1118 

IH 

4  4  0 

3  3  1 

211.191  7  281-05  8 

9031.4117  I 

013 

3  0  3 

1  1  1 

J7  Uf 

1  178-09  1 

9081.4730 

013 

3  7  1 

1  1  0 

43  171  3.048-04  8 

3011  4137  1 

lit 

8  T  1 

7  7  0 

1394  111 

6  171-01  1 

9094  4897  P 

HI 

117  6 

10  7  4 

2094.147  78  l-OB  30 

?97t  4117  I 

'  1 1 

17  3 

7  7  1 

1794  811 

I  178-09  f 

9094  1141 

012 

S  I  4 

4  3  3 

300.181  2  Ilf -01  6 

9011.7/30  P 

i  1 1 

19  3  14 

14  3  13 

3337  914 

31  I-C8  30 

9099.0118 

013 

i  1  9 

4  0  4 

:23.091  4.  HI-09  6 

9014.9041  P 

013 

13  4 

9  4  1 

110  340 

7  3  f'Ot  10 

9099.9930 

031 

7  i  7 

1  1  9 

641.908  3.198-09  4 

9019.7479 

0)7 

I  1  3 

3  0  3 

138.781 

3.618-04  6 

9088.0001 

Oil 

I  4  3 

6  1  3 

tit  949  1  8n-09  1 

9018.4447 

HI 

13  1  10 

113  9 

1819.071 

181-09  10 

9097. 8111  f 

013 

9  4  9 

8  9  4 

1291.119  11  E-08  10 

9018.9989 

013 

13  9 

9  3  3 

908.813 

1  3  C-OI  10 

9088. 1171 

013 

6  3  9 

1  1  6 

449.291  9  338-09  1 

9017.1941  f 

013 

1  1  1 

0  0  0 

0  000 

•  8  f-OI  30 

9098.8899 

HI 

13  1  8 

13  1  7 

3411.901  1.08-09  10 

9011.1093 

013 

3  1  3 

3  3  1 

134  903 

1  1  C-09  10 

9099.0118 

111 

9  6  3 

9  0  9 

339.147  19  8-09  10 

9017  7889 

Ml 

10  1  7 

9  3  1 

1383.919 

I  1  8-04  10 

9099.3011  P 

IH 

4  4  I 

3  2  7 

209.101  19  C-09  10 

9019.3310 

013 

8  9  4 

7  1  1 

1318.191 

1  998-01  1 

9100.1177  P 

013 

3  3  0 

1  1  1 

37.139  1.08-04  10 

9018.7791  P 

013 

7  3  9 

6  3  3 

111.148 

1  991-09  8 

9100.1014  P 

013 

7  3  9 

7  3  1 

709.908  1.8  l-OI  10 

9019.0179  P 

013 

8  9  3 

7  1  3 

1318.189 

81  1-08  90 

9101.4011 

Ml 

7  3  4 

6  1  9 

641.801  4.991-01  1 

9019.1010 

013 

3  a  1 

3  1  3 

171  189 

3  998-04  8 

9101.9971 

012 

9  4  1 

9  3  3 

609.811  7  991-01  1 

9019. •••• 

013 

4  3  3 

4  1  3 

379.497 

1  1  8-04  10 

9109.8891 

013 

6  0  1 

9  1  9 

339.839  1.4  8-09  10 

9040.4143  1 

013 

7  4  1 

1  9  3 

888.198 

91  1-09  10 

9108.0100 

013 

7  1  • 

7  0  7 

688.141  9.371-08  8 

9040.4143  • 

HI 

13  3  10 

11  3  9 

1190. 819 

91  8-08  10 

9108.4119 

031 

7  1  i 

6  4  3 

761.114  1.8  1-09  10 

9040.8797 

Iff 

9  1  7 

4  1  1 

371.497 

1  801-04  8 

9101. 1411  P 

013 

4  4  0 

4  1  1 

383.843  ;.llf-OI  8 

9041.3488  • 

HI 

10  9  8 

9  9  9 

1474  981 

3.9  1-09  30 

9101.1308  P 

Oil 

1  4  3 

6  3  4 

641.871  9.981-01  1 

9043.0784 

013 

7  3  0 

3  1  1 

99.179 

8  801-01  • 

8101.1191 

Oil 

9  4  3 

9  3  3 

sol.m  l.SII-OI  8 

9041.4301 

HI 

10  9  9 

9  9  4 

1477  197 

9.00C-0I  8 

9108.1980 

Oil 

6  1  1 

9  0  9 

319.147  7.]8f-08  1 

9044.4411  P 

111 

10  4  1 

9  4  1 

1380.119 

I  971-04  8 

9108.1918  P 

013 

7  4  4 

7  3  9 

818. 884  18  8-01  10 

9044.8300 

HI 

H  4  8 

10  4  7 

till  118 

1.788-01  8 

9108.1119  P 

Oil 

9  3  7 

9  1  1 

1079.880  1.1  1-09  10 

9049. 0991 

111 

19  3 

1  3  1 

681.948 

•  081-01  8 

9108.4118  P 

013 

4  4  1 

4  1  3 

313.818  1.811-01  1 

9049.3133 

013 

9  7  1 

9  1  6 

399.497 

3.281-04  8 

9100.1191 

HI 

9  4  1 

4  3  3 

319.779  4  Itf-OI  • 

9049.9499 

HI 

11  1  11 

13  1  10 

1989. 908 

1  908-08  8 

9100.1141 

013 

111 

8  3  7 

189.900  3.111-09  1 

3047.0499  P 

HI 

to  8  4 

18  1 

1811.184 

3.9  l-OI  to 

9110.1911  P 

Oil 

3  3  2 

3  1  1 

91.178  7911-01  1 

9047.3931  P 

HI 

8  4  4 

8  3  7 

811.800 

99  1-08  10 

1110.8891  P 

Oil 

14  9 

1  1  1 

1008.118  1.8t*09  10 

9080. 8103  P 

Oil 

9  9  0 

4  1  1 

779.497 

1  3  l-Of  10 

1111.9044  9 

HI 

H  1  3 

10  8  2 

2198.181  7.1  8-07  30 

9049.3480  P 

310 

9  11 

4  0  4 

331.013 

1.1  1-08  10 

9111.1044  1 

HI 

H  1  4 

10  8  1 

2294. lU  7  1  8-07  10 

9010.8448 

HI 

4  17 

1  1  1 

141.178 

9.8  f-C9  to 

•111.8111  P 

01] 

9  9  4 

9  4  9 

1110.218  4.8  C-08  10 

9011.1817 

013 

4  1  1 

4  0  4 

311.011 

•  811-08  8 

9111.1484 

Oil 

7  3  1 

7  1  7 

111.479  t  388-08  6 

9011. 0390  f 

013 

7  ]  9 

1  4  3 

797.780 

18  1-08  90 

9111.1101  P 

Oil 

119 

7  4  4 

927.748  8.8  C-07  20 

9011. »98  1 

HI 

9  7  1 

8  7  3 

1990.800 

l.lt-OI  10 

9119. 1184  P 

Oil 

1  1  9 

9  2  1 

418.101  4  1  8-08  10 

9011.3394  • 

HI 

9  7  3 

8  7  1 

1990.890 

11  l-OI  10 

8119.8481 

Oil 

7  0  7 

6  1  1 

447.181  1  I  C-08  10 

9094.0890 

013 

10  1 

7  1  3 

79. 4N 

1.7  l-Ot  10 

9119.8011  P 

oil 

7  1  7 

6  0  8 

449.887  79  C-09  10 

9094.4089 

Oil 

3  1  3 

I  0  1 

31  794 

3.711-04  I 

9110  9184  9 

013 

9  3  7 

9  2  1 

1090.199  3.8  8-08  30 

7094.9111  P 

IH 

14  1  13 

13  3  11 

3368.997 

4  4  8-08  to 

9111.0114  9 

310 

7  3  9 

6  0  8 

448.887  1.0  8-08  90 

9019.  IM3  9 

HI 

9  9  1 

9  1  3 

909.818 

l.t  1-08  10 

9191.8900 

HI 

14  3 

9  3  1 

448.810  1.18C-08  8 

9099.9944 

310 

10  4  7 

9  18 

1181.919 

1.188-08  8 

9199. 4IH 

Oil 

8  9  1 

•  4  4 

1111.778  1.9  1-09  10 

90H.43I8  P 

Oil 

8  4  4 

7  0  7 

989.181 

1  8  f-08  10 

9198.0009  P 

HI 

9  4  1 

4  3  1 

3Q0.MI  1.  lit -08  8 

9018. 3799  P 

013 

•  1  4 

1  1  9 

941.901 

4.1  1-81  10 

91M.I104 

Oil 

117 

1  1  8 

748.681  1.8  1*01  10 

mandin  ct  al. 
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Table  4  (concluded^ 


11GM 

cn-i 

vti 

J‘R4*IIC* 

1" 

CN* 1  CM- 

tNIINIITT 
>2  IIM-I  X 

XlOtt 

CO-I 

v;i 

IN12MMT 

cn-i  cH-3  8m- 1  X 

ai3 

4  2  3 

3  1  2 

173  314 

1  552*04  1 

4344.3544  f 

013 

4  )  7  3  0  3 

Ml. 711 

5.1  2-08  10 

9t3l.t07S 

til 

13  4 

5  1  5 

331. 1» 

4  371-01  1 

9349.1444  P 

Ml 

8  4  4  7  2  5 

Bit  444 

7  7  C-OI  10 

9121.2491 

tlO 

7  5  3 

10  9 

444  447 

12  f-OI  10 

9349.4919 

013 

2  4  2  5  2  7 

508. 813 
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9131. 4U7  P 

331 

9  13 

7  4  3 

931.3)7 

5.2  1-04  20 

43M.4119  P 

111 

4  7  7  8  0  8 

744  054 

3.1  C-08  10 

9129.3114 
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9  4  3 

7  1  8 

704.314 

1  442-05  1 

4349.3291 

111 

9  4  1  8  7  7 

889  100 

7  OOC-05  1 

9139. list 

013 

7  5  2 

7  4  3 

931.337 

1  712-09  1 

4391. 44» 

013 

8  4  7  5  3  2 

50). 418 

2. 742-01  1 

9130.1037 

013 

4  4  9 

9  4  9 

1340.414 

4.9  1-07  10 

4344.4434  P 
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7  5  7  7  0  7 

581.34) 
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013 

9  0  4 

7  1  7 

544.471 

1  1  f-OI  20 

4349.0419  4 

013 

5  5  1  4  4  0 

488. 1)4 

1  3  C-04  50 

9191.7134  • 

013 

9  4  4 

5  4  4 
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1  1  C-OI  20 

4349.0919  4 

013 

5  5  0  4  4  1 

488.107 

1.3  2-04  50 

9133.3999  P 

013 

9  }  9 

7  0  7 

544.942 

7  3  2-04  10 

4399. 1144  P 
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10  4  7  9  1  8 

1074.080 

29  2-08  10 

3133.9743  P 
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3  2  1 

2  1  2 

79.444 
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4340.4344  P 

IM 
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3133.1711  P 
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437.744 

5  5  2-04  10 
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5  $  1 

1  4  2 

757.710 
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9134.4330 
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(  5  2 

1  4  3 

751.734 
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4341.4141 

013 

7  4  4  6  2  2 

III. 548 

1  202-09  1 

9134.9399 

lit 

7  4  1 

1  2  4 

903.772 

4  3  C-Oi  10 

9344.4409  P 

Ml 

13  8  7  M  2  8 

181). 333 

20  2-07  10 

9134.1941 

013 

5  5  0 

5  4  1 

910.140 

2  342-01  1 

4293.3443 

111 

4  15  8  18 

1004.111 

1.772-04  2 

9139.0717  P 

013 

5  5  1 

5  4  2 

ItO.  M3 

9  7  f-Ot  70 

9393.9494  P 

013 

8  3  4  5  1  5 

334.434 

7  7  2-08  20 

9134. 1413 

013 

5  2  4 

4  1  3 

275  447 

3  442-05  1 

4394.1443 

Oil 

8  4  5  7  2  4 

843  )94 

1  482-08  1 

9134.3730  P 

012 

9  2  9 

4  1  9 

930.311 

1  1  f-04  20 

9340.0144 

013 

7  i  S  8  3  4 

841  971 

3  802-09  1 

0134.9490 

013 

9  1  1 

9  0  4 

930.114 

1  192-01  1 

4340.4074 

111 

7  1  3  8  4  3 

751.734 

2.0  2-08  10 

9134. 3033 

m 

7  2  5 

1  0  1 

444.447 

2  242-01  1 

4340.4449  f 

013 

5  3  3  4  0  4 

733.053 

2.7  1-08  10 

9139.3403  P 

013 

7  1  9 

C  3  9 

593.411 

II  f-04  10 

9340.4149 

Oil 

8  5?  ill 

f 10  140 

7.308-08  1 

9142.3195 

Ml 

9  3  5 

7  1  1 

704  214 

7  922-09  1 

4341.0434 

013 

8  5  1  5  4  7 

110.113 

2  512-05  1 

9149.9003 

013 

9  0  4 

8  1  1 

744  111 

7  7  2-07  10 

9341.4441  P 

013 

7  3  4  6  3  5 

552.911 

1  082-05  8 

9144  4134 

013 

S  2  5 

5  1  4 

394  457 

5  741-05  1 

9349.4449 

710 

7  5  7  8  7  5 

553.911 

1  t42*0i  1 

9147  4479 

!  M 

7  4  4 

7  0  7 

581  343 

1  2  t-04  10 

9340.4l4t 

1 1 1 

7  4  3  1  0  1 

<44  147 

8  1  2-07  to 

9144  9304  P 

013 

9  t  3 

8  5  4 

1255.194 

1  4  (-04  to 

9340.4094  4 

Ml 

to  4  7  4  2  8 

fOIO.IIS 

23  2-08  SO 

9190  4104 

J 1 1 

9  4  4 

1  2  5 

782.404 

1  177-04  t 

5394.7404 

Ml 

B  C  2  7  4  3 

931  337 

71  2-08  10 

9190.4749  P 

:i3 

3  3  0 

3  0  3 

M9  791 

5  9  t-OI  70 

9399  1544  P 

:io 

10  2  8  9  0  5 

970. 114 

71  C-08  10 

9191  0430  P 

:i3 

3  3  1 

2  2  0 

Ml  113 

1  7  7-04  to 

9244.4001  P 

Ml 

B  8  3  7  4  4 

477  744 

8  9  2-07  70 

9191  1034  P 

’  1 1 

i  4  3 

5  2  4 

411  304 

3  9  (-05  <0 

5394.9444 

Ml 

10  5  1  5  3  7 

1711  223 

1  4  C-08  10 

9193.9344 

012 

3  3  0 

2  2  1 

M4.403  . 

3  4  7-04  to 

4101.1147  9 

013 

7  5  3  6  4  2 

757  780 

1  282-05  1 

9193.4444  P 

013 

7  1  1 

1  5  2 

1054.415 

3  0  7-Ot  10 

4204  2983 

013 

7  5  7  8  4  3 

751  724 

3  432-05  8 

9191  0743  P 

012 

7  t  2 

7  5  3 

1054.447 

{  {  e-04  10 

9204.4304  P 

Ml 

to  7  8  9  0  9 

770. tft 

71  C-08  10 

9197  4333  P 

013 

7  2  9 

1  1  5 

543  505 
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9304.4439  4 

013 

8  8  1  5  5  0 
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IM 
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430.311 
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9143.9947  P 

013 
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233.093 
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013 
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013 
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704.314 
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9214.1441 

Ml 
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Ml 
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544.341 
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4114.4440 

013 

8  2  4  5  0  5 
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Ml 
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4  1  4 
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4211. 1411 

013 
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9114.0114  P 

Ml 
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9134.0110  P 

013 
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to  2-08  30 
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Oil 
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213.154 
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013 
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Ml 
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1254.114 
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Ml 

M  4  1  10  4  7 

1541. )2I 

1.7  2-07  to 

9703.7447 

IM 

10  4  9 

9  3  7 

1207.927 

1  292-04  1 

9990.0771 

Ml 

8  5  2  7  1  1 

704.3)4 

1  0  1-08  10 

1201.1243 

013 

4  4  1 

1  3  0 

244.414 

2.341-04  1 

4)93.9909  P 

lit 

17  2  9  M  1  10 

1534. 444 

1.7  2-07  30 

9301 . 7414 

013 

4  4  0 

1  1  1 

214.374 

4.441-04  • 

tnt.int 

013 

7  2  5  I  0  1 

444  449 

1.4  2-01  10 

9307.0313  1 

013 

7  1  1 

13  4 

403.771 

1  0  l-OI  20 

tite.itn 

Ml 

9  7  1  7  4  3 

1054.414 

1  802-08  1 

4307.4144 

013 

5  12 

4  3  3 

300.143 

1  141-04  4 

9)M.9449 

Ml 

8  7  7  7  5  2 

1059. 449 

3.3  2-08  10 

4311.7144 

IM 

7  4  1 

III 

441.441 

1  0  f-Of  10 

9199.9410  i 

013 

17  1  7  13 

1311.189 

7  MC-OI  f 

1313.3403 

013 

5  4  1 

9  1  4 

3n.447 

1  2  f-04  to 

41f|.9410  9 

013 

1  7  3  7  1  1 

1314. 14) 

7  141-08  4 

4313.4444  P 

012 

1  J  4 

7  2  1 

713. «0i 

1.3  2-04  to 

tin. 0990  • 

013 

7  4  4  lit 

443.401 

1.1  C-08  30 

9311.4301 

Ml 

•  1  • 

7  1  7 

iia.iri 

1  311-49  4 

tin. 4900  9 

013 

III  717 

514.499 

t  1  t-OT  re 

9314.4744 

111 

1  4  4 

7  2  9 

704  404 

1  432  -01  • 

9144.9409 

Ml 

4  7  3  1  5  4 

1315.114 

1  3  2-08  10 

9314.4710  4 

Ml 

4  4  1 

4  0  4 

930. 114 

4  1  f-OT  20 

tiee.eeee 

013 

1)5  137 

181.400 

1  t  (.re  10 

9317.1174  P 

013 

3  1  1 

2  0  3 

70.flN 

7  7  1-09  30 

itei.Kie  r 

Ml 

13  3  10  MO  11 

1)39.104 

»  >  l-0»  10 

4314.1117  P 

013 

4  1  7 

4  2  1 

449.913 

1  1  C-04  10 

4409. 39n 

Ml 

10  r  2  9  14 

1477.349 

1  2  2-M  to 

4314.4930 

019 

4  2  3 

4  1  4 

234.414 

t  ni.ai  1 

iMe.im  * 

013 

•  1  1  r  a  > 

584.34) 

23  t-OI  to 

9331.1419 

Ml 

111 

7  2  4 

149.199 

3.141-04  f 

9493. 99H  9 

013 

1  4  4  7  1  1 

704.314 

4  0  1-08  10 

4331. 4414  P 

214 

10  4  7 

to  1  10 

1M4.449 

29  f-Of  20 

4433.4490  • 

Ml 

III  717 

1314.144 

1  0  l-Ot  M 

9334.3444 

IM 

7  4  3 

9  3  4 

444.979 

1.121-44  4 

4433.4440  0 

Ml 

8  10  7  1  I 

1314.14) 

10  1-00  10 

4334.4033  P 

013 

7  4  3 

7  1  1 

704.914 

1.4  C-44  10 

ttM.iier  f 

Ml 

M  7  1  10  5  1 

1714.914 

542-09  to 

9337.1443 

013 

4  4  2 

4  1  1 

341.443 

4.91f-4l  4 

4443.3413  9 

013 

4  3  7  III 

744.14) 

10  2*01  to 

9330.3933 

Olt 

1  4  1 

4  12 

343.414 

t. 441-04  4 

9449. ant  9 

Mt 

III  813 

14)1.144 

7.)  2-09  30 

4334. lita 

Ml 

4  4  4 

ail 

1010.147 

431-44  to 

ttti.tm  * 

Ml 

1)  1  M  13  1  13 

1549. 184 

It  1-01  10 

4337.7474 

Ml 

10  1  4 

111 

1343.919 

4.411-44  4 

ttH.ieM  f 

013 

4)7  101 

744  084 

4  1  1-01  10 

4340.7044  P 

Oil 

1  7  1 

7  4  2 

loie.sit 

l.l  1-09  to 

Mie.eet*  e 

Ml 

10  a  3  4  8  ) 

11)1.884 

2.1  2-09  50 

9341.1074  4 

013 

•  %  > 

1  3  4 

rii.M 

7  4lf-«  4 

itn.eeet  t 

013 

1  1  4  7  3  1 

783.800 

I  t  l-OT  10 

4341.4074  • 

Ml 

10  }  7 

4  t  a 

1079.909 

9  121-04  4 

4449.9449  9 

Oil 

7  4  1  lit 

447. m 

1.  1  1-01  to 

4349.4147  P 

Ml 

9  4  9 

4  0  4 

321.147 

4411-04  4 

NonK  SIOMA:  die  obureed  pomioa  of  die  line  ia  cm*' .  P;  die  line  u  pewnted  dp  neniibouiwn  line*  or  by  die  none.  B:  die  line  it  blended 
wirti  ModMr  line  lot  Hi'*0  or  lOMber  ieonpeK  however,  e  line  Mended  eddi  enoMer  nae  eoaifar  by  e  tenr  (rteMr  diea  10 

a  penMaeHiy  liaeiMii?Bai  need  Id  dH  eekdlnden  ar*eea«iy^niSl!  V*;  if  dde  ie  am  «  I .  the  lower  eibredenel  level  it  <010):  oehendte. 
iheliieei  illedhd^  ItTel  le  Hmt)  •TB  lhe  Diiillniil  iiiiiw  i  l■lllll  tiV  iu‘.  Mdti'  nfihenTTWbrrrt  J'  KA’ KC  T KA*.  and KC*:  dm 
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Table  S.  Com^Mnson  of  the  line  intensities  measured  in  this  work  with  those  of  other  authors  ( intensities  have  been  convened  to 

10'*cro'‘-atni'‘  at  300  K) 


Line  center 
(cm'‘) 

(this  work) 

Intensity 
calculated 
by  Benedia 
(refs.  1 .  2) 

Measured  intensity 
±6% 

(this  work) 

S? 

Measured  intensity 
±10% 

(see  refs.  6  and  7) 

R  =  SVSt 
(«=  1.030  ±0.078) 

92(n.8654 

35.4 

11.8 

f  11.8“ 

1.000 

t  12.3* 

0.959 

9219.8520 

14.4 

3.85 

3.53“ 

1.091 

9221.8855 
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1.17 
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0.783 
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1.67 

1.60“ 
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2.74 
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2.01“ 
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:.oi 

1.53 
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1.88 

1.27 
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8.40 
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2.82 

1.28 

1.30“ 

0.985 

9304.3962 

8.81 

3.92 

3.94“ 

0.995 

9305.4429 

18.9 

5.97 

6.35“ 

0.940 
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3.40 

0.963 

1.08“ 

0.892 

9323.1833 

3.21 

1.80 

1.82“ 

0.989 

9327.4567 

1.22 

0.669 

0.586“ 

1,142 

9328.9881 

3.63 

0.796 

0.785“ 

1.014 

9350.3986 

5.63 

1.83 

1.61“ 

1.137 

9351.1494 

1  40 

0.781 

0.730“ 

1,070 

9366.5925 

0.434 

0.880 

0.778“ 

1.131 

9371.7630 

2.35 

0.714 

0.597“ 
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A'alue  obtanaBd  by  Biault  et  <U.  (6)  from  i  measurement  perfonned  at  2%  K. 
'Vilue  obtamrd  by  Bnuit  tt  al.  (6)  from  a  measuremem  perfonned  at  297  K. 
‘Value  mrawred  iy  Cberepanov  et  tU.  (7). 


To  assess  the  validity  of  such  a  method,  we  have  made  several 
tests  (12). 

(i)  Equauon  ( 1  ]  is  valid  only  for  infinite  resolution,  but  taking 
into  account  the  range  of  values  of  7°,  7^,  and  the  resolution 
limit,  we  have  checked  that  it  was  always  possible  to  use  an 
effective  constant  a  with  very  good  accuracy  (standard  devia¬ 
tions  from  2  to  4.3%  depending  on  the  spectrum).  In  particular, 
it  should  be  noted  that  we  did  not  detect  any  systematic 
deviation  related  to  either  the  line  depth  or  the  wavenumber. 

(ii)  From  (1],  a  can  be  related  to  known  quantities 

(4|  a  -  0(ao  xF//7°)  (log  2/ir)*/2*{0.  (log  1)'/^-/^] 

the  constant  3  (slightly  lest  than  unity)  being  introduced  to  take 
into  accoum  the  effect  of  the  apparatus  function.  For  similar 
retolutioot.  the  value  of  9  should  not  depend  upon  the  quantities 
appearing  in  (4).  We  have  checked  that  this  is  true  for  a  wide 
variety  of  spe^.  since  we  find  the  value  of  p  to  be  remark¬ 
ably  constanc  P  *  0.96  £  0.02. 

(iii)  As  alie^  mentioned,  several  piecautioos  have  to  be 
taken  to  ineaaine  the  Hi'*0  line  intenahiea.  especially  because 
of  traces  of  aimnaphrrir  water  vapor  along  the  optical  path. 


Indeed,  intensity  measurements  of  very  strong  lines  need  low 
optical-thickness  spectra,  where  the  atmospheric  absorption  is 
not  negligible.  Then,  the  atmospheric  Lorentzian  pan  of  the 
absorption  profile  may  become  imponanr  so  that  (1],  which 
describes  the  absorption  caused  by  just  the  gas  being  present  in 
the  cell,  is  no  longer  valid.  In  fact,  using  as  tests  similar  spectra 
of  the  second  triad  of  for  which  an  extensive  set  of 
accurately  calculated  intensities  is  available  (13),  we  have 
found  that  the  method  could  still  be  used  for  the  range  of  line 
depth  and  optical-thickness  values  we  encountered  in  this  work. 
(However,  once  the  Lorentzian  contribution  has  been  removed, 
we  have  effectively  found  the  same  value  of  P  that  was 
mentioned  above.  This  is  additional  proof  of  the  significance  of 
the  method.) 

(iv)  Finally,  the  oompatiaon  of  the  deduced  imensity  values  for 
the  same  line,  from  various  records,  shows  a  good  agreement. 

To  conclude,  this  method  appean  to  be  significant  and  easy  to 
use.  The  uncertainty  in  the  obtained  intensities  is  mainly  due  to 
the  uncettainy  in  the  depth  of  the  lines  ooncemed,  which  are  all. 
mote  or  less,  perturbed  by  neighbouring  lines  (this  is  why  the 
eqntvalent'Wi^  mediod  could  not  be  used  for  these  lines). 
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These  intensities  are  listed  in  Table  4.  The  reported  uncertain* 
lies  are  estimated  as  follows.  For  "good”  lines,  the  uncertainty 
jan  be  between  6  and  15%,  and  a  mean  value  10%  is  mentioned. 
For  purturbed  lines,  the  uncertainty  is  in  the  range  15-25% .  and 
j  mean  value  of  20%  is  given.  For  strong  overlappings,  a  mean 
jnceitainty  of  50%  is  given.  (When  blending  occurs,  only  the 
total  intensity  can  be  measured  and  this  is  repeated  for  each  line 
located  at  the  same  wavenumber,  in  this  case,  the  stated 
uncertainty  concerns  the  whole  intensity,  and  is  not  the 
uncertainty  of  each  blended  line.) 

4.  Condnsioiis 

Using  Fouher-transform  spectra  of  water  between  8(XX)  and 
^5CI0cm'‘.  we  have  obtained  an  extensive  set  of  accurate 
rotanonai  energy  levels  for  the  second  hexad  of  interacting 
states  of  We  have  measured  the  intensities  of  all  the 

observable  lines:  their  uncenainty  varies  from  6  to  50%. 
depending  upon  the  line,  with  a  mean  value  of  10%.  This 
extensive  set  of  line  positions  and  intensities  gives  a  quasi- 
jomplete  picture  of  the  absorpnon  of  Hi'^O  at  room  tempera- 
ure  in  the  studied  spectral  region. 
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Resume 


Des  specires  par  iransformee  de  Fourier  de  la  vapeur  d’eau  (resolution: 
0.015  cm~‘)  ont  6t6  analyses  entre  9500  et  11500  cm~'.  Les  valeurs  precises  de 

557  niveauz  d’energie  rotationnels  appartenant  auz  etats  vibrationnels 
interagissants  (041),  (220),  (121),  (022),  (300),  (201),  (102),  et  (003)  de  la 

premiere  decade  d'Hs^^O,  ont  et4  determinees.  De  plus,  on  a  mesure  avec 
precision  les  intensites  de  718  rates  (incertitude:  1%\.  Dans  le  but 
d’augmenter  le  nombre  d’intensit^s  ezperimentales  (necessaires  pour  les 
applications  atmospheriques),  une  methode  plus  rapide  utilisant  les  profondeurs 
mesur^es  des  rates,  a  permis  d'obtenir  1695  intensites  supplementaires,  avec 
une  incertitude  moyenne  d’environ  15%  . 


Abstract 


Water  vapor  Fourier-transform  spectra  (resolution:  0.015  cin'‘)  have  been 
analyzed  between  9500  and  11500  cm'*.  Accurate  values  of  557  rotational  energy 
levels,  belonging  to  the  interacting  vibrational  states  (041),  (220),  (121), 
(022),  (300),  (201),  (102),and  (003)  of  the  first  decad  of  112*^0,  have  been 
determined.  Moreover,  718  line  intensities  have  been  accurately  measured 
(uncertainty:  7%).  In  order  to  increase  the  number  of  experimental  intensities 
(needed  by  atmospheric  applications),  a  faster  method,  using  the  measured  line 
depths,  has  led  to  the  obtention  of  1695  additional  intensities,  with  an 
average  uncertainty  of  about  15^  . 


1.  Introduction 


This  paper  is  the  continuation  of  our  previous  works  about  the  water 

molecule  (1,2),  the  absorption  of  which  plays  a  major  role  in  atmospheric 

applications  or  in  radiative  transfer  studies.  After  the  analysis  of  the  Hj'^O 

spectrum  between  8000  and  9S00  cm~'  (1),  we  present  here  the  9500-  to  11500 

cm~‘  spectral  region  for  the  same  molecule.  This  region  was  first  studied  by 
Benedict  (3)  working  on  the  solar  spectra  of  Delbouille  and  Roland  (3) 
(resolution:  between  0.10  and  0.05  cm'*  depending  upon  the  wavelength);  later 

on,  these  results  were  introduced  in  the  atmospheric  compilation  (4),  with  some 
modifications. 

We  had  already  studied  this  spectral  region,  but  for  the  Hj'^O  isotopic 

species  (2).  So,  in  order  to  have  a  more  complete  picture  of  the  water  vapor 

absorption  in  this  region  and  to  improve  the  accuracy  of  the  previous  results, 
we  have  studied  several  spectra  (resolution:  0.015  cm*')  recorded  with  the 

Fourier-transform  spectrometer  built  by  Brault  (5).  The  analysis  of  these 

spectra  has  led  to  the  determination  of  557  accurate  rotational  energy  levels 

for  the  interacting  vibrational  states  (041),  (220),  (121),  (022),  (300), 
(201),  (102),  and  (003),  which  belong  to  the  first  decad  of  HjO. 

In  the  spectral  region  we  delt  with,  the  knowledge  of  experimental 

intensities  is  very  incomplete.  The  atmospheric  data  base  (4)  gives  some 

values,  but  they  were  obtained  by  Benedict  from  the  equivalent  widths  measured 
in  solar  spectra,  so,  most  of  them  are  known  with  large  uncertainties.  Latter 
on,  Giver  et  al.  (6)  measured  accurate  intensities  for  97  lines  between  10400 
and  10750  cm*'.  To  extend  this  set  of  data,  we  used  the  equivalent  width  method 
to  measure  718  intensities  of  well  isolated  lines  (uncertainty:  79)^  Besides, 

in  order  to  provide  a  complete  list  of  reliable  individual  line  intensities,  we 
used  the  faster  central  depth  method  already  described  (1),  to  obtain  the 
intensities  of  all  the  remaining  lines:  thus,  1695  additional  intensities  have 
been  measured  with  an  average  uncertainty  of  about  159  . 
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2.  Experimental  details  and  analysis 


The  experimental  details  and  the  data  reduction  procedure  have  already  been 
discussed  (1,2,)  so,  we  give  here  only  the  details  relevant  to  the  present 
study.  The  '®0-enriched,  ‘^0-enriched,  and  natural  water  vapor  spectra  were 
recorded  at  the  National  Solar  Observatory  (Kitt  Peak,  AZ),  with  the  Brauit’s 
Fourier-transform  apparatus  (5).  The  experimental  conditions  and  the 
characteristics  of  these  spectra  are  gathered  in  Table  1.  Figure  1  is  a 
representative  portion  of  the  spectrum  which  shows  clearly  the  quality  of  the 
signal-to-noise-ratio. 

As  already  said  in  the  case  of  H2'®0  (2),  10  resonating  vibrational  states 
are  involved  in  the  studied  spectral  region;  they  form  the  so-called  first 
decad  of  the  water  molecule,  i.e.,  the  polyad  of  interacting  states  ((060), 
(140),  (041),  (220),  (121),  (022),  (300),  (201),  (102),  (003)}.  Among  the  10 

corresponding  cold  bands,  the  band  is  so  weak  that  it  could  not  be 

observed,  even  in  our  long  absorption  path  spectra.  Also,  it  is  interesting  to 
notice  that,  owing  to  a  few  resonant  levels,  we  could  observe  the  very  weak 

2l/^-^2l/s  band,  whereas  it  was  unobservable  for  H2'*0  (2),  because  the  optical 


thickness  of  H2'®0  was  too  small.  Let  us  recall  also  that  the  61/2  band  absorbs 

around  8600  cm  ’,  and  is  visible  only  through  the  resonating  level  (060)|616l 
(1,7).  On  the  whole,  the  8  following  bands  were  analyzed;  2v^+2v.2, 


i/,+2l/j-^i/j,  2Vi-r2Vi,  3l/,,  2L',+yj,  t',+2Vj,  and  81/3. 

Accurate  energy  values  were  known  only  for  a  few  levels  of'  the  (121) 
vibrational  state,  from  some  lines  of  the  Vif2V2->-v^-if2  hot  band  observed  in  the 

8000-  to  9500  cm~'  region  (1).  Nevertheless,  a  good  starting  point  for  the 
analysis  of  the  spectra  was  provided  by  the  energy  levels  of  Benedict  (3);  and, 
except  for  a  few  cases,  our  values  confirm  and  improve  the  energy  levels  that 
Benedict  primarily  observed  or  predicted,  despite  the  low  resolution  of  the 
spectra  he  had  at  his  disposal. 

The  resonances  are  numerous,  some  of  them  involving  simultaneously  more 
than  two  levels.  In  particular,  almost  half  of  the  very  close  (300)  and  (201) 


rot»iion&l  levels  iniersct  wiih  each  other,  or  with  levels  of  other  vibrational 
states.  A  typical  example  is  given  by  the  levels  (201)(808|  at  11317.2562  cm  ', 
and  (121)|826|  at  11322.4512  cm*‘.  We  had  already  pointed  out  this  resonance  in 
the  case  ot  ^3**0  (2),  and  It  Is  particularly  Interesting  to  note  ttie 

differences  that  appear  between  the  two  isotopic  molecules  H2'°0  and  H2'*0.  As 
one  can  see  on  Fig.  2,  the  relative  positions  of  the  resonant  levels  are 

different  for  the  two  molecules;  for  (201)|808|  is  about  5.2  cm''  below 

(121)[826|,  whereas  it  is  only  about  3.6  cm''  above  for  This  means  a 

stronger  interaction  for  Hj'^O  than  for  Indeed,  the  two  levels 

(201)(808|  and  (201)[818|,  which  should  be  quasi-degenerated  in  the  unperturbed 

scheme  because  they  form  a  doublet,  are  actually  well  separated,  i.e.,  by  about 
1.2  cm''  for  but  only  by  0.6  cm'*  for  Hj‘“0.  Furthermore,  as  (121)|826| 

is  above  (201)|808|  for  this  level  is  shifted  downwards  with  respect  to 

(201)|818|,  whereas  it  is  shifted  upwards  for  Such  differences  in  the 

positions  of  the  levels  give  rise  to  different  spectra;  see  Fig.  1,  which 

should  be  compared  with  Fig.  1  of  ref.  2.  This  discussion  shows  that  the  effect 
of  the  interactions  cannot  be  simply  transposed  from  one  isotope  to  another 
(see  also  ref.  8). 

Another  interesting  example  of  strong  difference  between  the  spectra  of  the 
two  isotopes  concerns  the  doublet-levels  (121)|909|  and  (121)|919|,  which 

are  separated  by  more  than  1.8  cm*'  for  but  which  are  very  close  to  each 

other  for  H2‘“0.  This  is  because  of  a  strong  Fermi-interaction  between  the 

levels  (121)|919|  and  (041)|937|  of  H2'°0,  whereas  this  resonance  does  not 
exist  in  the  case  of  the  Hj'^O  molecule  (see  Table  3  of  ref.  2);  indeed,  the 
level  (041)(937|  of  H3'*0  is  located  so  that  no  strong  interaction  occurs,  and 
it  cannot  be  observed  for  this  reason.  Such  a  fact  is  not  surprising  since  the 
structure  of  the  rotational  levels  of  the  (041)  vibrational  state  is  subject  to 

a  noticeable  change  with  the  isotopic  substitution,  because  of  the  large  value 
of  the  Vj-quantum  number. 

A  comment  can  be  made  about  the  |000|  rotational  levels  which,  of  course, 
are  obtained  by  only  one  transition.  Though  this  transition  generally  gives 

rise  to  a  weak  line,  it  can  be  easily  identified  using  sum  rules  (9,10).  For 
example,  the  following  relation  gives  an  approximate  value  of  the  energy  E(000) 
without  any  diagonalisation  of  the  hamiltonian  matrix: 
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Ill  ElOOOl  =  (9/5)  EIlOll  ^  {  E12211  -  E1202|  -  E12201  }  +  ... 

...^  (1/5)  {  E1303I  ^  E13211  -  £(3221  }  . 

This  very  simple  formula  is  interestiug.  First,  it  only  needs  to  know  the 
energy  of  7  levels.  And  second,  when  these  levels  are  non  resonant,  it  provides 
a  very  good  approximation  of  E|000j:  indeed,  the  predicted  value  is  correct 
(10)  within  an  error  of  144  times  the  H;  constant  of  the  Watson-Hamiltonian 
(11,12)  and  with  an  uncertainty  of  5.4  times  the  mean  uncertainty  on  the 
experimental  energy  levels;  this  leads  to  an  overall  error  on  the  estimation  of 
the  ElOOOl  of  about  3  x  10~'^  cm'*.  This  formula  allowed  to  search  the 
corresponding  line  and  to  find  it  without  ambiguity.  This  is  even  possible  when 
some  of  the  levels  involved  in  |1|  are  resonant,  |as  for  the  (220)  and  (201) 
statesj. 

A  similar  problem  of  assignment  arises  for  some  doublet-levels  of  high 
J- value  with  K.  equal  0  or  1.  Usually,  these  levels  are  obtained  from  only  one 
doublet-line  but,  since  such  lines  appear  as  series  (12,10),  it  is  rather  easy 
to  perform  the  assignment.  Furthermore,  they  are  recognisable  in  Nj-broadened 
spectra  (not  mentioned  in  Table  1),  since  this  type  of  transitions  give  rise  to 
very  narrow  lines,  as  it  was  already  observed  between  8500  and  9500  cm"' 
(15).(The  measurement  of  N2-broadening  coefficients  of  lines  between  9500  and 
11500  cm*'  is  in  progress.) 


3.  Resuits 


B.l.  Line  positions  and  energy  levels 

The  experimental  positions  of  the  2413  assigned  lines,  between  9500  and 
11500  cm*‘,  are  listed  in  Table  2.  From  them,  557  rotational  energy  levels  have 
been  determined.  These  energy  levels  are  reported  in  Table  3,  together  with 
their  uncertainty  and  with  the  number  of  observed  transitions  involving  each 
level. 

The  absolute  wavenumbers  of  Tables  2  and  3  have  been  obtained  through  a 
careful  calibration  procedure  (10,14),  and  their  comparison  with  previous 
values  (3)  des^erves  some  discussion.  First,  it  is  important  to  recall  that  the 
results  of  Benedict  (3),  which  have  been  reported  in  the  1986  HITRAN  data  base 
(4),  come  from  solar  spectra  and  are  therefore  air-shifted  wavenumbers.  The  few 
experimental  values  of  air-shift  coefficients  of  HjO  lines  which  have  been 
published  (see,  e.g.,  refs.  6,16,17,  and  references  therein),  show  that  this 
air-shift  is  not  negligible  since  it  ranges  between  -3  x  10'*  and  -40  x  10"® 
cm''.atm~^  Thus,  the  HITRAN  wavenumbers  for  the  concerned  spectral  regions  can 
be  underestimated  by  a  similar  amount.  In  fact,  we  have  noted  that  the  HITRAN 
wavenumbers  are  on  the  average  lower  than  ours,  which  are  free  from  air-shift 
since  they  are  measured  on  pure  H2O  spectra.  The  self-shift  could  play  a  role 
but,  although  only  two  measured  values  of  the  selft-shift  have  been  published 
(18,19)  to  our  knowledge,  one  can  reasonably  think  that  this  shift  is 
negligible  in  our  spectra,  because  of  their  low  H2O  pressure  (see  Table  1). 

For  the  same  reason,  we  have  also  observed  a  discrepancy  between  the 
wavenumbers  of  refs.  20,21  and  those  of  the  HITRAN  data  base.  Such  differences 
could  have  troublesome  conquences,  especially  for  lidar  applicationa  To  cope 
with  this  problem,  N2-sfaift  measurements  are  in  progress  (10),  using  some  other 
spectra  we  had  recorded  at  the  National  Solar  Observatory,  with  half  an 
atmosphere  of  N2. 


r 
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3.2.  Line  intensities 


Using  the  curve  of  growth  method,  we  have  measured  the  intensities  of  718 
well  isolated  lines.  They  are  reported  in  Table  2  and  their  average  uncertainty 
is  6%  (as  far  as  absolute  values  of  intensities  are  concerned,  the  uncertainty 
to  take  into  account  is  Vh  :  see  refs.  14,  22,  23). 

Since  53  of  these  intensities  had  already  been  measured  by  Giver  et  al.  (6) 
(resolution:  0.045  cm~',  and  average  uncertainty:  3.3%  for  the  concerned 
lines),  comparisons  were  made  between  their  results  and  ours  (see  Table  4).  The 
average  ratio  of  the  two  intensities  is:  R  =  0.960  x  0.077  ;  this  good 
agreement  prooves  the  consistency  of  these  two  independant  sets  of  results. 

To  complete  the  list  of  intensities  obtained  above,  we  have  used  the 
central  depth  method  detailed  in  ref.  1.  The  additional  intensities  thus 

measured  are  listed  in  Table  2.  For  not  too  perturbed  lines,  the  uncertainty 

lies  between  6  and  15%  .  For  perturbed  lines,  the  uncertainty  ranges  from  15  to 
25%  ,and  a  value  of  20%  is  given.  For  strong  overlappings,  or  for  very  weak 

lines,  the  uncertainty  can  be  more  important  and  a  mean  value  50%  is  reported. 
When  close  blendings  occur,  only  the  total  intensity  can  be  measured  and  is 
repeated  for  each  line  located  at  the  same  wavenumber. 

Since  we  wanted  to  make  precise  comparisons  between  the  intensities 
measured  by  different  authors.  Table  4  contains  only  our  most  accurate 

intensities,  i.e.,  those  having  a  6%  uncertainty.  But  it  is  interesting  to 

notice  that  the  comparison  of  the  intensities  of  41  other  less  precise  lines, 

that  we  obtained  by  the  central  depth  method,  with  the  corresponding 

intensities  of  Giver  et  al.  (6)  gives  rise  to  the  same  value  of  the  average 

ratio  R.  This  shows  again  the  coherence  of  the  method  and  of  its  results.  ' 


4.  Conclusion 


Using  water  vapor  Fourier-transform  spectra  recorded  between  9500  and  11500 
cm'*,  we  have  obtained  an  extensive  set  of  accurate  rotational  energy  levels 
for  eight  interacting  vibrational  states  belonging  to  the  first  decad  of 
We  have  measured  the  intensities  of  all  the  observable  lines,  their  uncertainty 
ranging  from  6  to  509(  depending  upon  the  line,  with  an  average  value  of  15%  . 
This  extensive  set  of  line  positions  and  intensities  greatly  improve  upon  the 
previous  results,  as  far  as  the  accuracy  and  the  coverage  are  concerned. 
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FIG.  1.  Portion  of  a  *^0-enriched  spectrum  used  in  this  work.  The  plotted 
spectrum  is  a  part  of  the  spectrum  number  5  (see  Table  1),  which  has  been 
apodixed.  The  lines  marked  with  a  triangle  are  due  to  H2'°0  (see  Table  2). 
Those  marked  with  a  black  circle  are  due  to  Hg'^O  (see  ref.  2).  The  line  marked 
with  a  diamond  belongs  to  The  transitions,  the  assignment  of  which 

is  mentioned,  illustrate  the  strong  Fermi-resonance  between  the  levels 
(121)|826)  and  (201)|808|.  This  interaction  has  the  same  qualitative  effects  as 
for  Ha'^O  (see  Fig.  1  of  ref.  2),  except  that  the  relative  line  positions  are 
reversed,  because  of  the  differences  in  the  structure  of  the  and  Hj'*© 

levels  (see  Fig.  2). 


is 


FIG.  2.  Comparison  of  the  relative  positions  of  the  energy  levels  of  Hj'^O  and 
in  the  case  of  the  Per  mi-resonance  between  (121)[826|  and  (201)|808|. 

The  level  (201)|818|  is  not  perturbed.  The  approximate  position  of  the  level 
(201)|808|  in  the  absence  of  interaction  is  indicated  by  dots.  The  mentioned 
energies  are  in  cm~'.  (See  Sect.  2  for  discussion.) 


TABLE  1.  ExpenmenUl  conditions  and  characteristics  of  the  absorption  spectra 
(1  atm  =  1013  hPa).  Common  characteristics:  studied  spectral  region,  9500-11500 
cm  ,  signal-to-noise  ratio,  500-1000;  cell  temperature,  300  x  0.5  K;  average 
Doppler  half-width,  0.015  cm  *. 


TABLE  2.  Lisi  of  experimental  line  positions  and  intensities  for  the  bands  of 
^6 

Hg  0  observed  between  9500  and  11500  cm~‘  at  300  K 

NOTES:  SIGMA:  observed  position  of  the  line  in  cm~‘.  P:  the  line  is  perturbed 

by  neighbouring  lines  or  by  tbe  noise.  B:  the  line  is  blended  with  another 
line  (of  Hg‘^0  or  of  another  isotope);  however,  a  line  blended  with  another  one 
stronger  by  a  factor  larger  than  10  is  not  mentioned;  note  that,  when  a 
blending  occurs,  the  total  measured  intensity  is  repeated  for  each  line  blended 
at  the  same  wavenumber.  An  asterisk  indicates  a  poor  quality  line  which  has 
not  been  used  in  the  calculation  of  the  energy  levels.  VIB:  vibrational 

quantum  numbers  Vi’,  Vg',  V3’  of  the  upper  level.  The  lower  vibrational  level 
is  the  fundamental  (000).  J’  KA*  KG’  J*  KA*  KC*;  rotational  quantum  numbers  of 

the  upper  and  lower  levels  respectively.  E*:  energy  of  the  lower  level  in  cm"'. 

INTENSITY;  measured  line  intensity  at  300  K  expressed  in  cm'^.atra''. 

*k  :  uncertainty  in  the  measured  intensity  (see  text.  Sect.  3.2). 


TABLE  3.  Experimental  rotational  energy  levels  for  the  observed  vibrational 
states  of  the  first  decad  of  H^'^O 

NOTES;  E:  experimental  energy  in  cm~'.  DELTA.E:  uncertainty  in  the  energy 
value,  equal  to  one  standard  deviation  in  units  of  10~^  cm~'.  N:  number  of 
observed  lines  arriving  at  the  corresponding  level.  Let  us  recall  that  the 
resonant  level  (060)|616|  at  9400.6413  cm'*  +  0.41  x  10'^  cm'‘,  has  been 
observed  by  7  lines  in  the  second  hexad  region  (1,7). 


TABLE  4.  ComptriBon  of  line  inieneiiieB  meiBured  in  this  vork  wiih  ibose  of 
Giver  et.  al.  (6) 

NOTES:  SIGMA:  line  center  in  cm'S  frona  this  work.  SOI:  intensity  measured 
by  Giver  et.  al.  (6),  converted  to  cm'^.atm'*  at  300  K  (average  uncertainty: 
3.3S  ;  but,  as  far  as  absolute  intensities  are  concerned,  this  uncertainty 

should  be  slightly  increased:  see  ref.  15).  S02:  intensity  measured  in  this 

work  (uncertainty:  1%.  R:  ratio  S02/S01,  with  R  =  0.960  ±  0.077  for  the  53 
lines.  See  Table  2  for  the  other  notations. 
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300 

8 

1 

7 

9 

4 

6 

1340.885 

S 

1  E-07 

50 

10095.0898  P* 

121 

6 

4 

3 

6 

6 

1 

1045.057 

3 

2  E-07 

50 

10098  8348  P 

301 

9 

1 

8 

IQ 

3 

7 

1538. 150 

3 

2  E-07 

50 

10097.4994 

121 

9 

0 

9 

10 

0 

10 

1114  533 

1 

4  E-05 

IS 

10098  4817 

121 

4 

0 

4 

9 

3 

3 

446  5  10 

1 

90E-05 

6 

10098  8607 

121 

4 

1 

3 

e 

3 

2 

908  813 

1 

OSE-05 

6 

10099.3083 

121 

9 

1 

9 

’0 

1 

10 

1114  549 

3 

66E-&5 

6 

10100  0070 

121 

9 

3 

7 

in 

2 

8 

1437.969 

3 

5  E-06 

15 

10100.3703 

330 

7 

1 

6 

8 

2 

7 

685  600 

4 

3  E-06 

15 

10100.4968  P 

131 

6 

1 

6 

S 

3 

1 

661.548 

2 

7  E-07 

50 

>0100.8963  P 

201 

6 

4 

3 

7 

6 

2 

1216  189 

1 

5  E  -06 

50 

10100.9110  P 

041 

9 

3 

3 

4 

3 

2 

383  516 

1 

0  E-05 

15 

10101  7013 

041 

5 

3 

3 

4 

3 

1 

183.843 

3 

3  e-06 

15 

10103.3901  P 

301 

6 

4 

7 

fi 

1 

1216  193 

3 

6  E-06 

15 

10104.3901 

330 

7 

0 

7 

8 

1 

8 

744  163 

8 

6  E-06 

15 

10104.4909  P 

131 

10 

0 

10 

10 

2 

9 

1293.634 

1 

5  E-06 

15 

10104  8030  8 

300 

8 

6 

3 

9 

7 

2 

1810  588 

3 

9  E-06 

15 

10104.8030  6 

320 

7 

1 

7 

8 

0 

8 

744  064 

3 

9  E-Q6 

15 

10108.3847  P 

301 

9 

3 

6 

10 

9 

9 

1724.707 

3 

7  E-07 

50 

10108  9804  P 

121 

9 

1 

8 

10 

1 

9 

1393  019 

r 

3  E-06 

30 

tOIOi  1949 

330 

9 

3 

6 

9 

3 

? 

1301  931 

3 

5  E-06 

15 

10109  3440 

330 

3 

1 

3 

4 

2 

2 

315.779 

2 

4  E-06 

15 

10110  0831 

131 

7 

3 

6 

7 

4 

3 

931  337 

8 

3  E-07 

15 

10110.4343  P 

330 

4 

3 

3 

9 

3 

3 

503.988 

3 

5  E-06 

20 

t0113  5703 

131 

8 

3 

9 

9 

3 

6 

1383  919 

4 

3  E-06 

15 

10113.1989 

300 

9 

9 

4 

10 

8 

9 

1874  973 

1 

6  E-06 

15 

10114.0733 

131 

9 

3 

7 

10 

3 

8 

1441. 138 

9 

79E-06 

6 

10119  3340  P 

301 

8 

0 

8 

9 

2 

7 

1201  921 

1 

1  E-06 

20 

10130.3033 

121 

3 

1 

2 

4 

3 

1 

383  84? 

8 

5  E-06 

15 

10130.9399 

121 

8 

3 

6 

9 

2 

7 

1201  921 

2 

54E-OS 

6 

10131  9977  P 

131 

9 

3 

3 

9 

9 

0 

743  076 

6 

0  E-07 

50 

10134  1054  8 

230 

3 

3 

1 

4 

4 

0 

488  134 

5 

0  E-06 

50 

10134.3785 

330 

3 

3 

0 

4 

4 

I 

488. 107 

1 

0  E-05 

15 

10134  9398 

121 

8 

1 

8 

9 

1 

9 

920  211 

2 

90E-05 

6 

10135.0109  P 

121 

3 

1 

2 

3 

3 

1 

385  319 

2 

1  E-06 

50 

10139.1880  P 

041 

6 

3 

3 

9 

3 

3 

508  813 

8 

1  1  06 

50 

10139.3314  P 

121 

8 

0 

8 

9 

0 

9 

930  189 

8 

3  E-05 

to 

10129.8913  8 

330 

3 

3 

2 

4 

3 

1 

383.843 

9 

3  E-07 

50 

10138.0898 

201 

7 

3 

9 

8 

9 

4 

1359.161 

4 

4  E-06 

15 

10137.8389  P 

121 

6 

3 

3 

6 

9 

3 

888.598 

1 

1  E-06 

50 

10128. 6991 

131 

8 

1 

7 

9 

\ 

6 

1079  080 

4 

75E-05 

6 

10139  9991  9 

131 

9 

4 

8 

to 

4 

7 

1981.336 

03E-05 

6 

10138.9991  8 

330 

6 

0 

6 

7 

1 

7 

581  479 

.03E-05 

6 

10130.0898 

320 

1 

1 

6 

7 

0 

7 

588  343 

43E-05 

6 

10130.9394  P 

131 

6 

3 

S 

6 

4 

3 

757.780 

0  E-07 

50 

10131 .3303 

330 

3 

3 

1 

4 

3 

3 

363  516 

33E-05 

6 

10131.8489 

131 

9 

0 

9 

9 

2 

8 

1080.389 

4  E-OI 

30 

10131.8317 

301 

5 

4 

3 

6 

8 

I 

1045. 057 

7  E-06 

15 

10133  0730 

201 

5 

4 

1 

8 

8 

0 

1045.058 

3  E-Of 

30 

10133.3847 

301 

8 

3 

5 

9 

9 

4 

1477.297 

.3  E-06 

15 

10133.4788  P 

131 

7 

3 

4 

7 

5 

3 

1059.847 

1  E-07 

50 

10133  9177  P 

121 

8 

3 

7 

9 

3 

8 

1080.389 

•  E-09 

30 

10133.9837  P 

121 

7 

2 

5 

8 

3 

6 

983  913 

4  E-05 

30 

10134.7780 

131 

9 

1 

9 

9 

1 

8 

1079  080 

4  E-06 

15 

10137.9887 

131 

S 

1 

9 

9 

3 

3 

508.813 

3  E-OI 

15 

10138.3888  P 

041 

4 

3 

1 

4 

1 

4 

334.838 

a  c-06 

50 

10138.3407 

121 

8 

3 

6 

9 

3 

7 

1311.333 

l9C-0< 

6 

10139.3199  1 

330 

7 

1 

7 

7 

2 

6 

709.108 

1  E-06 

50 

10139.3099  P* 

201 

9 

3 

7 

10 

4 

8 

1618  4S3 

9  E-07 

50 

10141.9701 

121 

7 

3 

4 

8 

3 

9 

1090.197 

931-05 

• 

10143.3190 

131 

2 

1 

1 

3 

3 

Q 

385. 4U 

1  E-05 

10 

10143  7399 

131 

8 

4 

4 

9 

4 

9 

1310  335 

09E-09 

I 

10143.4441  P 

300 

P 

9 

4 

9 

f 

3 

1831  384 

9  1-06 

15 

SIGM4 

CH-1 

VtB 

J'RA'KC' 

J" 

Ri'RC' 

£• 

CH-1  CH-? 

INTENSITY 
ATH-1  1 

10144.3370  8* 

220 

7 

0 

7 

7 

1 

6 

704.214 

1 

3  E-06 

50 

10144.3731 

8 

300 

7 

1 

6 

8 

4 

5 

1122.709 

2. 

9  E-06 

50 

10144  4104 

121 

S 

2 

4 

5 

4 

1 

610  340 

1 

9  E-06 

15 

10144  8336 

220 

A 

1 

3 

5 

2 

4 

416  208 

4 

9  e-06 

15 

10146  4401 

121 

3 

0 

3 

4 

2 

2 

315.779 

1 

221-05 

6 

10148.0919 

B 

300 

7 

0 

7 

8 

3 

6 

1001. Ill 

3 

4  E-06 

50 

10148  1371 

8 

320 

7 

3 

5 

6 

2 

6 

983.912 

8 

3  E-06 

SO 

10148.9734 

121 

7 

1 

6 

8 

I 

7 

883.891 

3 

57E-05 

6 

10150.4308 

121 

7 

0 

7 

8 

0 

8 

744.064 

6 

22E-05 

6 

10150.1991 

P 

121 

7 

1 

7 

8 

1 

8 

744.163 

1 

9  E-04 

10 

10151.9881 

B 

102 

7 

4 

3 

8 

7 

2 

1590. 190 

2 

2  E-05 

to 

10151.9881 

B 

320 

5 

0 

5 

6 

1 

6 

447.252 

2. 

2  E-05 

10 

10193.0307 

B 

320 

2 

1 

2 

3 

2 

1 

312.156 

9 

7  E-06 

20 

10153  5383 

P 

300 

8 

2 

7 

9 

3 

6 

1382.919 

e 

2  E-06 

15 

10153.6811 

P 

330 

3 

3 

1 

3 

3 

0 

385  418 

2  E-05 

10 

10154.5703 

P 

230 

S 

1 

5 

6 

0 

6 

446  197 

6 

5  f-06 

15 

10154.6547 

P 

301 

7 

3 

4 

8 

5 

3 

1355  913 

1 . 

8  E-06 

50 

10154.7693 

P 

121 

9 

5 

5 

10 

5 

6 

1718  718 

3 

7  E-06 

15 

10154.8860 

P 

220 

2 

3 

0 

3 

3 

1 

369.319 

a 

7  E-OS 

15 

10155.7207 

121 

7 

2 

6 

8 

2 

7 

885  100 

9 

80E-05 

6 

10156  3768 

121 

6 

4 

5 

9 

4 

6 

1340  185 

5 

2  E-06 

15 

10157. 1385 

131 

6 

2 

4 

7 

2 

5 

783  409 

1 

341-04 

6 

10159.6938 

P 

220 

3 

1 

2 

4 

2 

3 

300  313 

’ 

7  E-05 

10 

10159.7906 

P 

121 

6 

0 

8 

8 

2 

7 

885.600 

7 

9  E-06 

10 

10160.4319 

201 

7 

2 

5 

8 

4 

5 

1122.709 

2 

8  E-OS 

15 

10161  3833 

201 

7 

1 

7 

9 

3 

6 

tool  III 

9IE-05 

6 

10161.9496 

201 

6 

3 

4 

7 

5 

3 

1059  647 

2 

9  e-06 

15 

10162.3561 

121 

8 

1 

8 

8 

1 

7 

883.891 

3 

0  E-06 

IS 

10163.3981 

230 

6 

1 

6 

6 

2 

5 

553  911 

1 

7  t-06 

15 

10164.3039 

121 

7 

3 

5 

8 

3 

6 

1006  116 

a 

93E-05 

8 

10165.5564 

P 

121 

4 

1 

4 

4 

3 

1 

383  842 

1 

1  E-06 

50 

10166.5936 

P 

201 

S 

1 

7 

9 

3 

6 

1363  919 

\ 

1  e-06 

20 

10117.8582 

P 

300 

9 

4 

5 

10 

5 

6 

1718  718 

3 

0  E-06 

20 

10168  1381 

121 

6 

1 

5 

7 

1 

6 

704  314 

2 

2U04 

6 

10169.0614 

B 

131 

A 

2 

2 

4 

4 

1 

488  107 

r 

5  E-06 

50 

10169.3130 

8 

041 

5 

5 

1 

5 

5 

0 

742  076 

2 

4  E-05 

10 

10169.3130 

6 

220 

c 

2 

4 

6 

\ 

5 

543  905 

2 

4  E-05 

10 

10170  8534 

B 

300 

6 

6 

0 

7 

1 

1394  813 

6 

9  E-06 

50 

10170  8534 

B 

•00 

S 

6 

1 

7 

7 

0 

1394.813 

6 

9  E-06 

50 

10171  4859 

300 

7 

1 

7 

6 

2 

6 

983.912 

2 

0  E-06 

15 

10172  5366 

P 

220 

6 

0 

6 

6 

1 

5 

543  905 

7 

4  E-07 

15 

10173.2494 

220 

i 

0 

4 

5 

1 

5 

326  635 

a 

89e-06 

6 

10173.8790 

121 

6 

3 

3 

7 

3 

4 

842  356 

04E‘04 

6 

10174  8039 

121 

6 

0 

6 

7 

0 

7 

588  743 

3 

46E-04 

6 

10175.5666 

121 

6 

1 

6 

7 

1 

7 

586  479 

1 

14E'04 

6 

10176  0750 

P 

300 

7 

5 

3 

8 

6 

2 

1411.648 

3 

1  E-06 

15 

10176.5458 

B 

300 

7 

5 

2 

8 

6 

3 

1411.612 

1 

45e-Q5 

6 

10178. 5458 

6 

220 

2 

1 

1 

3 

2 

3 

206  301 

1 

4SE-05 

E 

10176  7460 

201 

6 

3 

3 

7 

5 

2 

1059  835 

9 

80E-06 

6 

10176  9303 

131 

7 

4 

3 

8 

4 

4 

1131  776 

1 

08E-05 

6 

10178  548? 

P 

300 

8 

4 

5 

9 

5 

4 

U77.397 

1 

1  E-05 

10 

10178  7009 

8* 

220 

4 

1 

4 

5 

0 

5 

32$  347 

6 

90e-05 

G 

10178  7009 

8 

121 

6 

2 

5 

7 

2 

6 

709.108 

8 

90C-05 

6 

10179. 1456 

P 

103 

6 

4 

3 

7 

7 

0 

1394  813 

$ 

6  E-07 

50 

10181  9511 

8 

201 

6 

2 

6 

9 

4 

5 

1360  335 

1 

,0  e-05 

30 

10181  9874 

P 

171 

8 

i 

3 

9 

5 

4 

U77  297 

a 

8  E-06 

50 

10183  8307 

P 

121 

6 

2 

4 

S 

4 

3 

756.734 

5 

$  E-08 

SO 

10183  8815 

P 

121 

5 

2 

3 

6 

2 

4 

602  773 

9 

1  E-05 

20 

10183.7698 

P 

121 

9 

1 

8 

9 

3 

7 

1216  232 

1 

3  E-06 

50 

10184  0780 

121 

1 

A 

a 

8 

4 

5 

1123  709 

3 

93t-05 

8 

10184  8769 

P 

121 

7 

0 

7 

-t 

2 

6 

709.608 

6 

3  E-n6 

20 

10184  9343 

P 

121 

3 

1 

3 

3 

3 

0 

285  418 

3 

2  E-06 

50 

10185.0588 

B 

171 

2 

0 

2 

3 

2 

1 

212  156 

4 

Olf -05 

6 

10185  0588 

B 

270 

1 

5 

5 

2 

4 

416  208 

4 

01E-05 

6 

10185  6404 

201 

T 

0 

T 

6 

2 

6 

983  913 

9 

8  E  -07 

20 

10186  7333 

P 

041 

E 

3 

3 

6 

1 

6 

447  252 

3 

7  E-07 

50 

10187  1594 

P 

300 

6 

1 

5 

7 

4 

4 

927  744 

2 

3  E-06 

50 

10187.2983 

P 

121 

5 

1 

4 

6 

1 

5 

542  90S 

1 

3  E-04 

10 

10187  607$ 

023 

S 

3 

6 

9 

4 

5 

1360  235 

2 

1  C-06 

15 

10187  6919 

P 

201 

9 

5 

4 

9 

7 

3 

1810.584 

3 

8  e-07 

50 

10188  5640 

P 

121 

6 

3 

4 

7 

3 

5 

816  694 

3 

8  E-OS 

10 

10186.1436 

P 

220 

1 

1 

\ 

2 

2 

0 

136  163 

5 

0  E-06 

20 

10188.  7519 

P 

121 

7 

3 

5 

7 

4 

4 

927.744 

1 

.  1  E-06 

50 

10190.6075 

131 

7 

1 

7 

7 

1 

6 

704  2  U 

1 

8  E-05 

10 

10191.9336 

300 

4 

4 

4 

9 

5 

5 

U74  981 

2 

0  E-06 

15 

10193.3888 

330 

3 

0 

3 

4 

1 

4 

224  838 

3 

2  C-05 

10 

10193  8835 

041 

5 

4 

2 

4 

4 

1 

488  107 

S 

7  E-06 

10 

10193.9188 

P 

041 

5 

4 

) 

4 

4 

0 

488.  134 

2 

1  E-06 

15 

10194.7101 

201 

5 

3 

3 

6 

5 

2 

888  598 

1 

3  E-05 

10 

10194  8855 

P 

300 

8 

3 

5 

9 

4 

5 

1310  235 

1 

9  C-06 

15 

10195.0231 

P 

201 

9 

5 

3 

8 

7 

2 

1590.190 

3 

2  E-07 

SO 

10195.8398 

B 

230 

1 

1 

0 

2 

2 

1 

134  902 

1 

5  E-05 

50 

10197.9334 

121 

5 

0 

5 

6 

0 

6 

441  197 

t 

94r-04 

6 

10199.0038 

330 

4 

3 

3 

5 

1 

4 

399.457 

2 

37e-05 

S 

10199.5385 

121 

5 

1 

5 

6 

1 

6 

447  252 

6 

29e-04 

6 

10199.7818 

P 

230 

b 

0 

5 

5 

1 

4 

399  457 

6 

0  E-06 

20 

10300  7131 

301 

5 

3 

2 

6 

5 

1 

888.832 

4 

3  C-OI 

IS 

10301.1849 

P 

041 

9 

3 

7 

8 

3 

6 

1001  lit 

4 

2  E-07 

50 

10301.8335 

P 

131 

8 

1 

7 

8 

3 

6 

tool  III 

8 

1  C-OI 

20 

10301.8418 

131 

5 

3 

4 

6 

2 

5 

552.911 

3 

45E-04 

6 

10303.5277 

e 

301 

7 

5 

3 

7 

7 

0 

1394  113 

4 

2  E  07 

50 

10303.0733 

330 

9 

1 

3 

4 

0 

4 

222.052 

7 

0  E-06 

15 

10303  4613 

330 

7 

1 

6 

7 

2 

5 

782.409 

1 

9  E-06 

15 

10703.1704 

p 

230 

4 

1 

4 

4 

2 

3 

300  312 

4 

2  E-06 

15 

10309  6535 

300 

6 

0 

6 

7 

3 

5 

811  194 

3 

4  E-06 

15 
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10201.1980 

131 

5 

3 

3 

6 

3 

3 

681.948 

6.136-09 

6 

mot  .ntB  8 

301 

6 

2 

S 

7 

4 

4 

927  744 

19  £-06 

90 

10207. 73SI  B 

131 

9 

1 

9 

8 

3 

6 

1001.116 

1  3  £-05 

15 

10307. 739B  B 

300 

6 

5 

2 

7 

6 

1 

1218.193 

19  £-09 

IS 

10307.8430  P 

300 

6 

5 

1 

7 

6 

2 

1318.169 

7.0  £-06 

20 

1030B.13S9  P 

121 

6 

0 

6 

6 

2 

$ 

593.911 

37  £-05 

20 

10308.3199 

121 

4 

? 

3 

5 

1 

4 

399.497 

6.  l$£-04 
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10448  1416 

P 

121 

7 

6 

2 

7 

6 

1 

1216  193 

5 

7  £-05 

20 

10446  2966 

P 

121 

7 

8 

1 

7 

fi 

2 

1216.189 

1 

8  E-09 

10 

10447  5893 

B 

121 

7 

1 

7 

8 

1 

8 

447.252 

6 

9  (-04 

20 

10447  7888 

B 

121 

7 

0 

7 

6 

0 

fi 

446  697 

2 

5  (-04 

10 

10447  7886 

6* 

121 

6 

E 

1 

S 

6 

0 

1045  098 

2 

5  (-04 

10 

10447  9603 

P 

121 

fi 

6 

0 

E 

6 

1 

1049.097 

1 

60E-04 

6 

10448  7917 

102 

6 

3 

3 

6 

S 

0 

1049  098 

7 

!  (-06 

15 

10449  9939 

B 

201 

4 

4 

0 

b 

4 

1 

610  340 

8. 

0  (-04 

10 

10449  9939 

B 

300 

7 

0 

7 

7 

1 

9 

704.214 

8 

0  (-04 

10 

10490. 1906 

B 

201 

6 

0 

6 

7 

0 

7 

588  243 

4 

1  6-03 

20 

10490  1906 

B 

201 

6 

1 

6 

7 

1 

7 

588  479 

4 

1  (-03 

20 

10490.6829 

B 

300 

8 

4 

4 

9 

3 

7 

1216  232 

) 

0  6-09 

50 

10451  8720 

201 

5 

2 

4 

E 

2 

5 

59?  911 

2 

866-03 

6 

10491.9981 

P 

300 

7 

2 

6 

7 

3 

5 

818  194 

1 

3  6-05 

50 

10452.4910 

P 

201 

>0 

1 

>0 

9 

3 

7 

>216.232 

2 

1  (-06 

SO 

10493.9909 

P 

300 

8 

1 

? 

8 

2 

fi 

982  912 

6 

4  (-06 

15 

10493  1990 

201 

5 

1 

4 

B 

1 

5 

942.905 

9 

886-04 

6 

10494  3906 

121 

S 

2 

4 

4 

2 

3 

300  362 

8 

81f-04 

6 

10494.7068 

121 

b 

1 

4 

4 

1 

3 

275  497 

3 

086-04 

S 

10499  0788 

P 

121 

7 

2 

E 

• 

0 

7 

986  243 

1 

8  (-09 

15 

10499  9439 

9 

300 

* 

5 

3 

8 

4 

4 

1131  776 

5 

5  (-06 

50 

10497  9912 

P 

121 

9 

2 

7 

9 

2 

8 

1080  389 

1 

1  E-06 

50 

10497. 7599 

121 

2 

2 

0 

> 

0 

1 

23  794 

1 

9B(-09 

6 

10498  6672 

P 

121 

8 

1 

8 

7 

1 

7 

988  479 

1 

3  (-04 

20 

10498.9446 

201 

7 

0 

7 

7 

2 

6 

709.608 

4 

47(-09 

6 

10499  1457 

121 

8 

0 

8 

7 

0 

7 

986.243 

3 

54(-04 

6 

10499.9303 

121 

4 

3 

2 

3 

3 

1 

289.219 

1 

11(-04 

6 

10480.3048 

P 

201 

4 

3 

1 

5 

3 

2 

908  81? 

2 

2  (-03 

10 

10460.4303 

P 

300 

5 

0 

9 

6 

1 

6 

447  292 

9 

9  (-04 

10 

10480.7394 

121 

4 

3 

1 

3 

3 

0 

289  418 

4 

43(-04 

6 

10481.3109 

P 

201 

9 

4 

5 

10 

2 

8 

1437  969 

1 

4  E-06 

50 

10481  8739 

B 

300 

5 

1 

S 

6 

0 

6 

448  697 

1 

8  (-04 

50 

10481.8735 

e 

201 

8 

7 

1 

8 

7 

2 

1990.690 

1 

6  (-04 

50 

10411.8739 

B 

201 

8 

T 

? 

8 

7 

1 

1590.190 

1 

8  (-04 

SO 

10481  7311 

p 

300 

2 

1 

2 

3 

2 

1 

212.  196 

4 

2  (-04 

20 

10481.8437 

p 

201 

3 

1 

3 

3 

3 

0 

289.418 

3 

3  (-09 

10 

10413.3930 

121 

6 

3 

4 

6 

1 

9 

943.909 

8 

30(-06 

6 

10413.8843 

p 

201 

9 

4 

6 

8 

6 

3 

1411  612 

8 

8  (-07 

90 

10413.  1337 

B 

Oil 

9 

3 

7 

8 

1 

8 

744  163 

4 

9  (-08 

90 

10483.3910 

201 

7 

1 

7 

7 

1 

fi 

704.214 

1 

406  -  04 

6 

10483.4701 

201 

4 

3 

2 

5 

3 

3 

903  968 

7 

196-04 

6 

10413  8837 

P 

121 

8 

1 

7 

8 

1 

8 

744  163 

1 

2  (-05 

50 

10413  7478 

P 

300 

6 

4 

3 

7 

3 

4 

642.398 

6 

7  6-05 

20 

10483.1898 

300 

3 

1 

2 

4 

2 

3 

300.362 

9 

986-04 

6 

10464  3148 

P 

121 

9 

3 

3 

5 

1 

4 

399  497 

3 

3  6-05 

SO 

10484  9909 

201 

4 

2 

2 

9 

2 

3 

448  910 

4 

0  6 -03 

10 

10484.8093 

P 

201 

7 

1 

6 

7 

3 

9 

818  894 

3 

9  6-09 

10 

10489.4413 

300 

7 

$ 

2 

8 

4 

9 

1122.709 

1 

806-09 

8 

10461  1093 

P 

121 

7 

3 

9 

7 

1 

6 

704  214 

2 

3  6-09 

90 

10488 . 8079 

P 

20? 

to 

0 

to 

9 

2 

7 

1201.921 

9 

1  (-07 

20 

Cam.^P^yp-  itoJl. 


1 


SIGMA  VII  J'RI'RC'  J'RA'RC-  C*  IMTCMSITY  SIGH!  VIS  J'RI'RC*  J*KA*KC'  f  IMTINSITY 

CN-1  CM-1  CM-2  ATH-I  I  CM- 1  CH- 1  CM-2  ATM- 1  I 


10417.2937  B 

301 

8 

2 

7 

8 

2 

6 

982.912 

1  5  f-04 

to 

10417.3927  1 

301 

7 

7 

1 

7 

7 

0 

1394.813 

1  9  E-04 

10 

10417. 3937  1 

201 

7 

7 

0 

7 

7 

1 

1394.813 

1.5  E-04 

to 

10417.1373  B 

300 

7 

3 

4 

7 

4 

3 

931.237 

!  3  E’06 

90 

10417. B•30  1 

300 

4 

3 

2 

4 

4 

1 

488. 107 

1  9  E-OI 

50 

10417. 9IS1  1 

121 

9 

0 

9 

6 

0 

8 

744.084 

7  4  E-05 

so 

10411.3883 

201 

2 

0 

2 

3 

2 

1 

212. 196 

1  55E-04 

6 

10419.3873  f 

300 

4 

3 

1 

4 

4 

0 

488. 134 

5.7  E-07 

50 

10419.1817  9 

300 

6 

1 

6 

6 

2 

5 

552.911 

2.9  5-04 

20 

10489.1887  8 

121 

9 

1 

9 

8 

1 

8 

744. 183 

2.9  {-04 

20 

10489.8791 

131 

5 

2 

3 

4 

2 

2 

315.779 

2.525-04 

6 

10471.0187  P 

103 

6 

9 

1 

7 

6 

2 

1218.189 

2.0  5-08 

50 

10471.0839  P 

103 

6 

5 

2 

7 

6 

1 

1218  193 

48  5-06 

20 

10471.3940  8 

003 

8 

4 

4 

9 

6 

3 

1631  384 

9  1  5-07 

90 

10471.9381  P 

300 

6 

2 

5 

6 

3 

4 

648  978 

9.2  5-05 

15 

10471.8789  P 

131 

8 

3 

6 

8 

1 

7 

882.891 

2.7  5 -Of 

50 

10473. 1031 

121 

6 

2 

5 

5 

2 

4 

418.208 

1.935-04 

6 

10473.8947 

131 

6 

1 

5 

5 

1 

4 

399.497 

6  705-04 

6 

10474.9811  P 

301 

4 

I 

3 

5 

1 

4 

399.497 

3.7  5-03 

10 

10479.0001  9 

201 

5 

1 

5 

6 

1 

6 

447  252 

65  5-03 

20 

10479.0001  8 

301 

5 

0 

5 

6 

0 

6 

441  697 

65  5-03 

20 

10479.8300  P 

131 

10 

2 

8 

10 

2 

9 

1293.834 

45  5-08 

50 

10478.0818  P 

320 

3 

3 

1 

2 

2 

0 

138.163 

3  5  5-08 

20 

10478.8878 

131 

3 

3 

1 

3 

1 

2 

173.369 

8  8  5-08 

15 

10478  8988  P 

201 

8 

4 

4 

9 

2 

7 

1201  921 

1  6  5-06 

50 

10477  4883  P 

320 

3 

3 

0 

2 

2 

1 

134  902 

82  5-06 

20 

10477.9969  8 

131 

10 

1 

10 

9 

1 

9 

920.211 

9  8  5-05 

10 

10477  9989  8 

121 

10 

0 

10 

9 

0 

9 

920. 119 

98  5-05 

to 

10478.3373 

201 

4 

2 

3 

S 

2 

4 

418  208 

1  405-03 

6 

10478.4489  P 

201 

9 

3 

7 

9 

3 

6 

1282.919 

2  4  5-05 

20 

10479  4439  P 

300 

6 

0 

6 

6 

1 

5 

542.905 

2  2  5-09 

15 

10479  7872 

131 

9 

1 

8 

9 

1 

9 

920  211 

1  4  5-06 

15 

10480.9018  P 

201 

6 

1 

5 

6 

3 

4 

648  978 

1  8  5-04 

10 

10481. 1938 

121 

5 

3 

3 

4 

3 

2 

382.516 

4  915-04 

6 

10483.4483  P 

022 

3 

0 

3 

3 

1 

2 

173  365 

8  225-06 

6 

10483.3157 

300 

2 

1 

1 

3 

2 

2 

206  301 

1.795-04 

6 

10483.5330  8 

300 

4 

0 

4 

5 

1 

S 

326  625 

4  715-04 

6 

10483.5330  B 

201 

6 

0 

6 

6 

2 

5 

552  911 

4  715-04 

6 

10483  7683  P 

300 

4 

2 

3 

c 

1 

4 

399  457 

2  205-03 

6 

10483.9047  P 

121 

5 

3 

2 

4 

3 

1 

383  842 

1  6  5-04 

20 

10483.9574  P 

121 

9 

2 

8 

9 

0 

9 

920  169 

20  5-09 

50 

10484  5744  P 

300 

7 

1 

6 

7 

2 

5 

782  409 

3.5  5-05 

to 

10485.0189 

300 

5 

2 

4 

5 

3 

3 

503.968 

6  765-05 

6 

10485.6314  P 

111 

3 

2 

1 

2 

0 

2 

70.090 

82  5-06 

15 

10488.5581  8 

300 

4 

1 

4 

6 

0 

S 

325  347 

2.8  5-04 

20 

10487  5093  P 

102 

7 

4 

3 

8 

5 

4 

1255  168 

58  5-06 

IS 

10488.4088  P 

121 

7 

2 

6 

6 

2 

S 

552.911 

4  605-04 

6 

10488.9981 

121 

7 

t 

1 

6 

1 

5 

542  905 

1  111-04 

6 

10490.3883  P 

103 

7 

2 

6 

8 

3 

5 

1050  157 

1  4  1-06 

20 

10490.7113  P 

300 

S 

4 

2 

3 

5 

818.694 

2.2  £-05 

20 

10490  9393 

301 

3 

3 

0 

4 

3 

1 

383  842 

7.065-04 

6 

10491.5319 

301 

4 

1 

3 

4 

3 

2 

382  518 

2  145-04 

6 

10491.9993 

301 

3 

3 

1 

4 

3 

2 

382.518 

2. 195-03 

6 

10493. 1989  P 

300 

5 

1 

5 

5 

2 

4 

418.208 

5  1  5-05 

50 

10493.3393  P 

301 

3 

t 

2 

3 

3 

1 

285.219 

3  285*09 

6 

10493.9890  9 

103 

5 

t 

4 

6 

4 

3 

758.724 

31  5-06 

50 

10493.9890  9 

003 

7 

4 

3 

8 

6 

2 

1411  848 

3.  1  5-06 

50 

10493  8483  P 

201 

7 

3 

5 

6 

5 

2 

888  598 

7  3  5-06 

50 

10493.8933  P 

300 

6 

5 

2 

7 

4 

3 

931  237 

2  2  5-05 

20 

10493.0374 

121 

6 

2 

4 

5 

2 

3 

448  510 

5  171-04 

6 

10493.3058  P 

022 

7 

4 

3 

8 

3 

6 

1006  118 

2  7  5-06 

20 

10493  7484  P 

201 

6 

t 

6 

6 

1 

5 

542  905 

9  8  5-05 

15 

10494.9173  8 

201 

6 

3 

3 

5 

5 

0 

742  078 

2  4  5-06 

50 

10499.4148  P 

201 

10 

2 

9 

9 

4 

6 

1340  885 

8  0  5-06 

50 

10499.7039 

201 

3 

2 

1 

4 

2 

2 

315  779 

1  805-03 

$ 

10496  3877  P 

300 

6 

5 

1 

7 

4 

4 

927  744 

93  5-06 

15 

10497  3888  P 

022 

2 

2 

1 

3 

1 

2 

173,385 

37  5-06 

50 

10497.3908 

300 

1 

1 

1 

2 

2 

0 

138.183 

1  97C-04 

6 

10498.7787 

201 

4 

0 

4 

5 

0 

5 

325  347 

83  5-03 

10 

10499.0339  P 

201 

4 

1 

4 

5 

1 

5 

328.825 

21  5-03 

20 

10900.1377 

201 

1 

0 

1 

2 

2 

0 

138.113 

1  3  5-05 

15 

10900.7309 

201 

7 

2 

6 

7 

2 

5 

782.409 

1  135-04 

6 

10501.3896 

121 

6 

3 

4 

5 

3 

3 

503.918 

1  325-04 

6 

10901.4899  P 

300 

7 

2 

5 

7 

3 

4 

842.358 

17  f-09 

10 

10901.7070  9* 

201 

9 

0 

9 

8 

2 

6 

982.912 

64  5-01 

50 

10901.8731  9 

103 

5 

5 

0 

6 

1 

1 

1045.097 

2.4  5-05 

50 

10901.8731  1 

102 

5 

5 

1 

8 

8 

0 

1045.058 

2  4  1-09 

50 

10903.0811  P 

301 

3 

1 

2 

4 

1 

3 

275.497 

3  401-03 

6 

10803.9347  P 

131 

8 

1 

7 

r 

1 

I 

704.214 

24  5-04 

to 

10903.9391  P 

300 

9 

4 

2 

1 

3 

3 

881.548 

38  5-09 

20 

10904  1719 

300 

1 

1 

0 

2 

2 

1 

134.902 

4  815-04 

6 

10904.3949  P 

131 

8 

2 

7 

r 

2 

1 

709.808 

1.9  5-09 

10 

10904.8831  P 

301 

3 

2 

2 

4 

2 

3 

300.312 

94  C-03 

10 

10904.7841  9 

300 

1 

1 

9 

5 

4 

2 

110.113 

8.8  5-04 

30 

10904.7841  9 

300 

3 

0 

3 

4 

1 

4 

224  838 

8.8  5-04 

20 

10909.4734  P 

301 

5 

0 

9 

5 

2 

4 

411.208 

1  785-04 

6 

10909.8319  P 

300 

8 

8 

1 

7 

5 

2 

1051.839 

34  5-Of 

20 

10908. 1001  P 

301 

9 

8 

4 

9 

1 

3 

1831.384 

1  4  5-09 

to 

10908.3000  P 

301 

9 

3 

7 

8 

5 

4 

1299. Iff 

1  8  5-08 

90 

10909.3944  P 

301 

9 

8 

3 

9 

8 

4 

1831.291 

94  E-08 

19 

10807.4331 

131 

6 

3 

3 

5 

3 

2 

908.812 

3  811-04 

1 

10907  1349  P 

103 

7 

3 

9 

8 

4 

4 

1131.771 

3  7  5-08 

90 

10807.9383  •• 

131 

3 

3 

0 

3 

1 

3 

142.278 

33  1-08 

90 

10908.3098  8 

131 

5 

4 

2 

4 

4 

1 

488. 107 

33  5-04 

90 

10908.3088  !• 

300 

S 

0 

5 

5 

1 

4 

399  497 

3  3  5-04 

90 

10908.4139  P 

« :i 

5 

4 

1 

4 

4 

0 

488. 134 

6.355-05 

8 

10509. 1991  8 

wO 

5 

3 

3 

4 

2 

2 

315  779 

1  5  5-06 

SO 

10909.4833  P 

300 

4 

3 

2 

i 

2 

3 

441.510 

2-4  E-04 

10 

10910.0894  P 

102 

6 

1 

6 

7 

2 

5 

782  409 

31  5-06 

15 

10910.9834 

201 

8 

3 

6 

8 

3 

5 

1050.  157 

2.495-05 

6 

10911  3093  P 

300 

6 

2 

4 

6 

3 

3 

661.548 

95  5-06 

15 

10511.9438  8* 

300 

3 

1 

3 

4 

0 

4 

222.052 

25  E-04 

50 

10911.9438  8 

300 

4 

1 

4 

4 

2 

3 

300.362 

2.5  5-04 

50 

10913.3440  P 

201 

9 

2 

8 

8 

4 

5 

1122.709 

45  5-06 

10 

10913. 1079  P 

300 

3 

2 

1 

3 

3 

0 

285  418 

2.1  5-05 

IS 

10913.3898 

300 

7 

3 

4 

8 

2 

7 

885.600 

1  685-05 

6 

10513.7333 

121 

7 

2 

5 

6 

2 

4 

602-773 

7  915-05 

6 

10914  1333  P 

102 

6 

4 

3 

7 

5 

3 

1059  835 

1  2  5  05 

15 

10914.3936  8 

201 

9 

4 

6 

9 

4 

5 

1360.235 

3  2  5-05 

50 

10914  2938  8 

121 

8 

4 

5 

8 

2 

6 

982.913 

3  2  5-05 

50 

10914  9873 

300 

S 

2 

3 

i 

3 

2 

508.812 

3  615-05 

6 

10914.8193  P 

20! 

8 

6 

3 

8 

6 

2 

1411.646 

2  1  5-05 

SO 

10914.8747  8 

201 

8 

6 

2 

8 

6 

3 

1411.612 

5  8  5-05 

50 

10919.0798  P 

102 

6 

4 

2 

7 

5 

3 

1099.647 

4  0  5-06 

IS 

10919. 1700  P 

300 

6 

3 

3 

7 

2 

6 

709.608 

1  6  5-05 

15 

10918.7419 

300 

S 

4 

1 

6 

3 

4 

648  978 

6  655-05 

6 

10918.8881  P 

003 

6 

4 

2 

7 

6 

1 

1218.193 

1  8  5-06 

50 

10917  1094  P 

121 

9 

1 

8 

8 

1 

7 

882  891 

4  6  5-05 

50 

10917  2093  8* 

220 
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SIGMA 

VIB 

J  'KA' 

KC' 

■  '* 

KA” 

KC" 

SOI 

S02 

H 

10401 . 1230 

1121) 

4 

1 

4 

3 

1 

3 

5.50 

E-4 

5,34 

E-4 

0.971 

10415.0423 

(121) 

3 

2 

2 

2 

2 

1 

7 .40 

E-4 

7 .63 

E-4 

1.031 

1042 1 .9428 

(121) 

5 

1 

5 

4 

1 

4 

1.39 

E-3 

1.42 

E-3 

1.022 

10435.6980 

121) 

6 

0 

6 

5 

0 

5 

1  .03 

E-3 

1  .08 

E-3 

1  .049 

10438.7896 

(300) 

2 

2 

1 

3 

3 

0 

3\65 

E-4 

3.56 

E-4 

0.975 

10445.0165 

121) 

4 

2 

2 

5 

.J 

2 

1 

9.36 

E-4 

9.51 

E-4 

1  .016 

10454.3906 

(121) 

5 

2 

4 

4 

2 

3 

3.84 

E-4 

8.81 

E-4 

0.997 

10460.7294 

(121) 

4 

3 

1 

3 

3 

0 

3.82 

E-4 

4.43 

E-4 

1  . 160 

10463.9858 

(300) 

3 

1 

2 

4 

2 

3 

5.48 

E-4 

5.58 

E-4 

1  .018 

10468.3882 

(201) 

2 

0 

2 

3 

2 

1 

1 .46 

E-4 

1.55 

E-4 

1 .062 

10483.7683 

(300) 

4 

2 

3 

5 

1 

4 

2.45 

E-3 

2.20 

E-3 

0.898 

10492.3392 

(201) 

3 

1 

2 

3 

3 

1 

3.86 

E-5 

3.28 

E-5 

0.850 

10495.7039 

'201) 

3 

'y 

£. 

1 

4 

2 

y 

4 

1 .84 

E-3 

1  .80 

E-3 

0.978 

10497 .3908 

■JOOJ 

1 

1 

1 

'y 

c 

2 

0 

2.06 

E-4 

1  .97 

E-4 

0.956 

10502.0616 

'201) 

3 

! 

'y 

4 

1 

3 

2.43 

E-3 

2.40 

E-3 

0.988 

10504.1719 

300) 

1 

1 

0 

2 

4 

f 

1 

4.93 

E-4 

4.81 

E-4 

0.975 

10520.4090 

121) 

4 

2 

3 

0 

3 

3.40 

E-5 

2 .97 

E-5 

0.874 

10523.7626 

201) 

4 

0 

4 

4 

y 

L 

7 .34 

E-4 

7 .03 

E-4 

0.958 

10524 .1993 

300) 

0 

2 

7 

1 

2.88 

f-4 

2.74 

E-4 

0.95/ 

10526 .2756 

201) 

2 

4 

0 

7 

y 

c 

i 

5.09 

E-3 

4 .97 

E-3 

0.975 

10530.7118 

(201) 

2 

2 

1 

3 

2 

2 

1.79 

E-3 

1 .62 

E-3 

0.905 

10534 .6695 

300) 

4 

0 

4 

4 

1 

3 

8.37 

E-5 

7 .39 

E-5 

0.883 

10537 .3185 

(201) 

3 

0 

3 

3 

2 

y 

4 

2.36 

E-4 

2.12 

E-4 

0.898 

10550.8425 

(300) 

2 

2 

1 

3 

1 

2 

4.86 

E-4 

4.03 

E-4 

0.829 

10552.1920 

'300) 

3 

1 

4 

3 

2 

1 

2.33 

E-4 

2.12 

E-4 

0.910 

10553.4539 

fjoo; 

2 

1 

1 

2 

2 

0 

5.23 

E-5 

4.94 

E-5 

0.945 

10556.2574 

(300) 

3 

0 

3 

3 

1 

2 

4.31 

E-4 

3.90 

E-4 

0.905 

10573.6887 

(300) 

3 

2 

1 

4 

1 

4 

1 .87 

E-4 

1 .41 

E-4 

0.754 

10573.8952 

(201) 

3 

1 

3 

3 

1 

2 

2.28 

E-3 

2.08 

E-3 

0.912 

10578.7568 

(201) 

4 

2 

3 

4 

2 

2 

9.25 

E-4 

8.93 

E-4 

0.965 

10600.8494 

(201) 

2 

2 

1 

2 

2 

0 

4.70 

E-3 

4.63 

E-3 

0.985 

10607 .4590 

(201) 

3 

0 

3 

2 

2 

0 

4.64 

E-5 

5.02 

E-5 

1 .082 

10610.7394 

(201) 

4 

2 

2 

4 

2 

3 

2.45 

E-3 

2.45 

E-3 

1.000 

1061! .9686 

'201) 

4 

0 

4 

3 

2 

1 

1.74 

E-4 

1 .60 

E-4 

0.920 

10627 .5864 

(300) 

3 

1 

■y 

c 

2 

0 

7 

V 

5.87 

E-4 

5 .66 

E-4 

0.964 

10631 .6995 

(300) 

7 

4 

3 

7 

3 

4 

7 .20 

E-5 

8.21 

E-5 

1  . 140 

10635.2805 

(201) 

3 

1 

2 

3 

1 

3 

5.20 

E-4 

5.52 

E-4 

0.890 

10649  .2024 

(201) 

4 

1 

3 

4 

1 

4 

5.95 

E-4 

6.67 

E-4 

1 .121 

10650.7169 

(300) 

3 

3 

0 

3 

2 

1 

4.79 

E-4 

4.06 

E-4 

0.848 

10655.6114 

(300) 

4 

3 

2 

4 

2 

3 

5.61 

E-4 

5.25 

E-4 

0.936 

10658.3878 

(300) 

4 

2 

3 

4 

1 

4 

9.71 

E-4 

8  .84 

E-4 

0.910 

10668.2629 

(201) 

3 

2 

2 

3 

0 

3 

6.39 

E-4 

5.35 

E-4 

0.837 

10669.4388 

'201) 

5 

1 

4 

5 

1 

5 

2.89 

E-4 

2.54 

E-4 

0.879 

10670.1227 

(201) 

3 

2 

2 

2 

2 

1 

7.11 

E-3 

7.09 

E-3 

0.997 

10672.4839 

(201) 

4 

2 

3 

4 

0 

4 

1.96 

E-4 

1 .94 

E-4 

0.990 

10675.1427 

(300) 

4 

1 

4 

3 

0 

3 

1 .23 

E-3 

1.10 

E-3 

0.894 

10675.3197 

(201) 

3 

2 

1 

2 

2 

0 

2.37 

E-3 

2.30 

E-3 

0.970 

10679.4357 

(201) 

5 

2 

4 

5 

0 

5 

4.36 

E-4 

4.25 

E-4 

0.975 

10682.8493 

(300) 

5 

0 

5 

4 

1 

4 

5.65 

E-4 

5.27 

E-4 

0.933 

10695.7234 

(300) 

6 

0 

6 

5 

1 

5 

1.55 

E-4 

1 .54 

E-4 

0.994 

10709.8603 

(300) 

4 

2 

3 

3 

1 

2 

1.22 

E-3 

1.18 

E-3 

0.957 

10713.4897 

(300) 

5 

2 

4 

4 

1 

3 

1.59 

E-3 

1 .56 

E-3 

0.981 

10726.4905 

(300) 

3 

3 

1 

2 

2 

0 

4.14 

E-5 

4.28 

E-5 

1.034 

(XM  .7.  ^  >h. . 


